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Studies on the Radiocactive Dust due to Nuclear Detonation
in Bikxini on ¥arch 1, 1954,

An unusually large amount of strong radicactive ash was produced
by the thermonuclear test conducted on March 1, 1954 at the Bikini
Atoll in the South Pacific by the United Statea Atomic Energy
Commission,

A Japanese fishing boat celled No.5 Fukuryu Maru which was
engaged in fishing about 80 - 90 miles east of Bikini early in
the morning of March 1 was showered by this ash, The boat, con-
taminated by the ash came back to Japan in the middle of Narch
with the ¢rew apparently injured by the strong radiation emitted
from the ash, The contaminated fish brought back by this boat
had been sent to various parts of Jepan including Osaka aand some
of them had been distributed in the market before radiation
monitoring.

Under such circumstances, to meet the urgent needs of publie
health, the studies on the radicactivity of Blkini ash and the
radicsctive contamination of enviromment have been started, from
the health physics standpoint, with the initlative of the autheor
under cleose cooperation with the public health officers of local
governments in Osaka district since the middle of March 1954, when
the author was the head of the Department of Biopysics, Osaka City
Univereity, School of Medicine,

The estimation of the probable dose of radiation the crew
might have recelved during thelr voyzge and the aceurate estimation
of beta=ray energies and the detectlion of alpha=-ray activity as
well as the identification of various radioactlive nuclides included
in the Bikinl ash were considered to he urgently needed items of
information in estimating the poasible hazard due to the interazl



&8 well as the external irradiation from the health physies point
of view,

l. BEadioactive Dust

On the morning of March 16, 1954, the author was requested
by the public health authorities of Osaks o go to the Osaka ity
Central Market to exmmine some of the tuna fish which had been
brought beck by the No,5 Fukuryu Hari and sent down to Oaska,

On rough examination of the fish at the merket it was found
that nost of them were emitting about 2,000 e¢pm on the aversge
as measursd & few centimeters diatant from the wet skin with =
Geiger-luller counter with 1,9 mg/en® mics window and affective
area about & cma. The natural count of this beta-ray counter was
about 20 cpm, ¥For the purpose of comparison some other fish which
had been caught near the coast of Japan were also examined, but
no significant difference from the naturel count e¢ould be detected.

On careful ezamination in the laboratory on Merch 16, sonme
of the most contaminated fish were found to he emitting over 10,000
cpm per en? of the skin, which may be estimated to correspond
roughly o about 0,1 - 1 mioro curie per cma The average contami-
nation was probably sbout one tenth of this value., Dried shark
fins were also found to be strongly conteminated, Although the
fish caught later were found t0 be contaminated méinly in the
internal organs, those fish brought back by the Ro.5 Fukuryu Maru
wore found to be more contamineted on the akin,

The ebsorption curve of the radiastion emitted from the surface
of the contaminated tuma fish obtained at Csaka City Central Larnket
on March 16 is shown in Fig.l, and the decay curve of gross activitwy
in Fig.2.

(Fig.1)
(Figoa)
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Fig. 1. The absorption curve of the radiation emitted from the surface of tuna fish
on March 26, 1954. (Measurement was made at 2 cm from the 3.5mg/cm?
aluminium foil window of a Lauritsen-type electrometer manufactured by
Scientific Research Institute, Ltd, Tokyo, Japan.)



FFig. 2. The decay curve of radioactivity
detected from the surface of tuna
fish obtained at the Osaka City
Central Market on March 16, 1954.
(Lauritsen-type electrometer with
3.5 mg/cm? Al window)
A=A,t—2.05£0.05  16d<t<30d
(t: No. of days after explosion)
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Because of the unexpectedly strong radicactivity detected on
the contaminated fish in Osaka, it was felt %o be very important
to go down to the fishing port, Yaizu, immedistely to examine the
radiocactivity of the Fo.5 Fukuryu Maru, the boat, on which the
conteminated fish had been brought back to Japan, On the morning
of March 17, the author arrived at Yalzu and collected some radio-
acetive dust from the upper deck of the steering room of the boatb
with his staff members of the Department of Biophysics, Osaka City
University. The lower deck seemed to be thoroughly washed, and
yot strong radiation was being emitted, The radiocactive contami-~
nation of some of the samples brought back from the boat is shown
in Table 1.

(Table 1)

On that moraing of March 17, the readings of a portable,
ionization chamber awaiceted that the radiation dose rate then
being recelvea on the boast was about 80 - 120 mr/h. Extrapolating
back (t-1+4) from these figures, the possidble dose of exterral
rzdiaetion which some of the crew might have been receiving during
the initial 24 hours period can be estimated roughly at about 200
300 r, and that during the 13 days voysge (March 1 - 14) at about
300 = 500 », Bince this does not take into account the radicactive
esh which was woshed away by the c¢rew during the voyage, the initisl
dose must have been consideradly greater.

From later examination 1t was found that tiny white or greyish
white particles of diameter about 0.1 mm or less were emitting
gtrong rediation, On microscoplec examination even smaller parti-
cles, the size of a few microns, were also found, Occasionally,
similar particles of a larger size with less radioactivity were
obeerved, dbut on careful examination these seemed to be the pulver-
ized white paint of the boat which may have become contaminated
later bv the radicactive dust, The ebsorption curve and the decay
curve of gross activity of the radioactive dust (Bikind ash) are
shown in Figs.? and 4 respectively,



Table 1. Radioactive contamination in c¢pm of some of the samples collected from
the No. 5 Fukuryu Maru on the morning of March 17, 1954. Measurement
was made during the period March 18~20, 1954, at about 3cm from the
mica window (1.9 mg/cm?) of the beta-ray counter whose natural count is
about 20 cpm.

Item Weight in grams Cpm above natural
Rope 0.2 7047
Cigarette box 0.6 173

Scraped piece of the washed wooden bouard

of the lower deck 0.4 1828
Wood dust 0.3 37307
Tip of the brush 0.3 44312
Cotton glove 0.5 14222
Chop stick 0.2 287
Cabbage 0.6 205
Tobacco 0.2 710
Radish 1.2 314
gfr?}]))ecdhg::]ctfo(fh(llhgo\'::mhed wooden part 0.3 2318
Iron dust (rust) 1.7 11577
Washed rain coat (shoulder part) 0.7 508

" " . (chest part) 0.5 123
Button of the coat 1.0 1275
Cigarette butts 0.5 199
Svap 1.2 325
Canvas 0.2 1349
Small rope (inside) 0.7 4592
Small rope (on the deck) 0.5 15167
Dead cockroaches (from kitchen) 0.5 2783
Rap in the cabin 0.2 4622
Wirter i the cabin 0.5 387
Hair 0.2 [ER1]]
Cover of the canned food By 18135
fron cabide 121g [EIREL



(Fig.3)
(Fig.4)
Some of the most radiocactive particles, with a size of 0,1 -

0.3 mm, were estimated to have radiocactivity of about 0,42 -~ 1,53
me/g on Larch 21, Bxtrapolating back, 1t was estimated that one
gram of this dust might have had radioactivity equivalent to about
0e5 ~ 1.5 curies at the time it fell on the boat (7 - 11:30 a.m,
karch 1), The radioactivity per unit volume was occasionally
found to be more than ten times stronger with the particles of
smaller sizes (a few to a few tens of microns), One gram of
figssion products at about three hours after nuclear fission may
be estimated to have an activity of abent three million curies,
assuning the following relation for the gross beta activity,

b 42
Ag=r2x/0° ¢ C““@S/gnm (1)

where t is the time after nuclear fission expressed in unit of
hour.

Therefore we may assume that a dilution by a factor of about
three million might have occurred at the time of detonation,

On preliminary radiochemical analysis conducted on March 18,
about 50 - 60% of the apparent beta-ray activity was found to be
deposited in the fraction of rare-—earth elements mixture with
lanthenum a8 a carrier, although the main constituent of the ash
iteelf seemed t0 be a caleium compound, This result was consistent
with the results obtained by & more detailed radiochemical analysis
conducted later as well as with those obtained by otherssl)'(sj'sly)(zo)

2. Radiocactive Contamination of the Fishermen

While in Yalzu on March 17, the author had the opportunity
of examining some of the crew of the No.5 Pukuryu Maru through
the courtesy of Dr, Ocl of Kyoritsu Yaizu Hospital, Bxamination

-8~
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Fig. 3. The absorption curve of the radioactive dust (Bikini ash) collected
from the No. 5 Fukuryu Maru. (Lauritsentype electrometer with 3.5
mg/cm? Al window).
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of the patlents in the hospitzl clearly revesied that radistion
was being enitted from the heir, face, neck,and nails, BRadic=
activity gbove the naturally occurring level was distinotly
detected in the bloody urine, and feces during those days as
shown in Teble 2, The fishermen's lavatory was also found to
(Table 2)

e slightly radioactive, According to statements by some of the
crew, the whitish dust fell so heavily that they could hardly
Keep thelr eyes and mouths open.

The condition on the boat, the No,5 Fukuryu Maru, st the
tizme it was being showered by Phe rsdicactive ash on March 1,
1954, was experimentarily reproduced by Dr,Miyoshi of Tolyu
University Bospital(a) by using pulverized coral reef. 'This
experiment was,cérried out in the presence of the crew as witnesses
to the’ actual amount of ash which had fallen on the boat, This
amount was then estimated to be approxinately 3.83% =£,52 mg/em?,
Judging from this figure, the amount of radiosctivity per sguare -
meter on the boat can be estimated to have beer roughly sbout
35 = 85 curies-assuning one gram of ash had about one curie of
radleoactivity at the time it fell on the boat,

when the radiocactive dust ia scettered uniformly on & plane
surface which may be considered large enough as coapared with the
wmean free path of the gamma—ray photon, the gamma-ray flux (17)
received at a height "b" above the sround may be given approxi-
nately by the following exvressioen,

>

S Xp (- g .

IO"’E A enp F(QEE) =dK="j{ [El (_ﬁﬂ) (2)
vhere $ is the total energy of gamma-ray emitted per unit area

per unit time (Mev/me ~-sec),# the linear sbsorption cosfficient
( 1.0x10"" cm'l ) .

~11~
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Table 2

Date collected

Patient Sample Activity* from the patient
K blood 10-4~10-5pc/ce March 17
A feces 2x10-2~10-3pc/gm March 15~17
T urine 10-3~10-4p:c/cc March 15~17
0] urine 10-5~10-%pc/cc March 17
S : urine 10-5~10-6pc/cc March 17
*% hair 0.1~1pc/gm March 16

Because of the considerable differences detected in the different aliquots of the sample,
only the range of activity as estimated with the substandard source of Sr®*-Y® is
given. Most probably this is partly due to the fact that some of the radioactive
nuclides were lost by the absorption or deposition on the metallic part of the syringes
or on the walls of the container while the samples were transfered from one container
to another for transportation. Some samples had been diluted for various clinical
tests before we received them at the hospital and the degree of dilution was not clear.

Wﬁcally identified.
whose hair it was



When the radioactive contamination is x c/me, S may be
expressed by

S=3\‘7x\05 EBX MeV/C%Q— sec, (z)

where By is the mean energy of gamma-rays (0.7 kev).

The mass absorption coefficient of the gamma-ray with the
energy 0.08 =~ 2.5 Mev may be considered approximately constant
to about ten percent., For th¢ gamma-ray with this range of
energy, the incident beam of pgamma-ray which corresponds to 1
rad may be given by

1= %Mphafoﬂs/fmj(% ‘2,3)(}0? ME'V/CWLZ) (4)
¥

Therefore the dose rate d{rad/hr) at & height of about one
meter above the ground may be expressed by the following e
equations.

£ T (-
- BT B ECER] o oo /), (5)
Z2X 2,310

With the above eguation the dose rate corresponding to a
radicactive contamination of 1 c/m2 may be estimated about 8.25
rad/hr. Assusing the gamma zctivity to be roughly sbout one
half of the beta activity the dose rate corresponding to the
beta activity of 35 - &5 c/ma may be estimated to be roughly
about 150 = 350 rad/hr. Since the asrea of the deck of the small
boat is smaller compared with the mean free path of the gamma-ray
photon, the actual dose rate the fishermen might have recelved
on the boat at the time of deposition of the radioazctive dust
would be smzller than the above value,

Although it seems that most of the dust would have been
wzshed away from the deck of the boat some time after it deposited,
the exterral dose received by the fishermen befors they washed

-1%-



the dust away from the boat may be estimated gbout the order of
100 « 300 rad, Therefore adding t¢ this the dose due to residual
activity on the boat the total externsl dose the fishermen might
have received during two weeks voyage msy be estimsted roughly
about 400 -« 80C rad, Judging frox these figures Ai{ seems probable
that more than 50% would have died without proper medical care
direetly or indirectly due to radiation.

In connection with this it should bve noted that the eabin,
where Mrs Alkichl Ruboyama the c¢hief wireless operater of the
boat who died at 63156 PeBe, Sept, 23, 1954 was living, was
located at the highest part of the boat, When the author exanined
the hoat, the roof of the upper deck above his cabin seemed to
be the only place in the bost where the dust 4id not seem *o have
been claened thoroughly. Therefore it seesxs very probable that
hie would have becn one of the crew who recleved the highest ex~
ternal genmz-ray dose during the voyape although the degree of
his skin injury due to the direc¢t contact of the radicactive dust
appearsd to be smaller than some of other fishermen.

In view of these findings, there is good reason to belleve
that the ¢rew had inhaled or ingested at least some of the
radiosctive dust during the voysge in addition to receiviag
external radiation.

3. Alpha~ray Detection

Becauee of the harmful effects ¢f alpha-rays, it was very
important, especially from the mediesl or health-physics point
ef view, to determine whether or not any a2lpha-emitters may
have been included in the Bikini ash, Therefere, a messurement
of slpha~rays was attempted, using windowless lonization chamber
of conventionsl type, with liner amplifier and pulse height
selector which had previously been calibrated by Py-a,

il



Towards the end of March 1954, a fraction which wss thought
to contain the transuranium elements was geparated from the
strongly radicactive original semple of Bikini ash of about 109
epn ‘beta activity, according to the peroxydisulfateflucride
method{24) From this fraction alpha-ray activity of about 105
counts per 30 minutes was detected above anatural, which seemed
to be at least partly due to the possible existence of long lived
Pu239, However, there secemed to be & decaying compenant due to
some other nuclides also, The dimensions of the ionization chamber
uged for this slpha-ray detection are shown in Fig.5 in units of cm,

_ (Fig 5)

Froan thie transuranium fraction, bets~ray activity about one
hundred times stroager than alpha setivity was detected when the
fraction was separabted towards the end of March 1954, However,
the exsct confirmation of nuclides could not be done because of
the difficulties in separating transurenium elemeats from each
other quickly. )

It was necessary to estimate the beta~-ray energy more
accurately from the health physics point of view, &nd the beta-
ray analysis was conducted in cooperetion with Prof., Azuma and
his staff of the Faculty of ZIngineering, Osaka Prefectural
University.

4. Beta-ray Analysis

4.1 Experimental Procedure

The contizuous bete~ray spectrum and the internal conversion
lines from the radicactive elements were measured using a double-
coll megnetic-lens beta-ray spectrometer, First, the beta~ray
apectrum of the original sample prior to chemicel analysis was
studied on Msrch 19, The radiocactive ash waa put on a mica sheet
of akout 3 mg/cma and covered with Zapon film of about 30 gg/cmz

-15-
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Fig. 5. lonization chamber for alpha-ray detection.



to prevent its dispersion, The observed bata-ray spectrum is
shown in Fig.6. However, there were so many groups of beta-ray
and. gamna -ray that they could not be anslyzed relisbly without
chemlical sepsration, The ash was then snalysed by the usual
method of rediochemicsl analysis{1)(19)(20) A strong betz-ray
activity was found in the CeOp~fraction (about 40 - 50% of -
activity of rare-earth elements mixture). The beta-ray analysic
of this fraction was attempted, The c¢chemicaelly separated Ce02-
fraction in powder form was put on z miea sheet and covered with
a2 thin Zspon film from the same source as for the beta-ray analysis,
(Fig.6)

The beba~rsy spectroumeter used in the work was the ordinary
doutle-coil magnetic-lers type. The spectro-chamber was gquipped
with an aluminium baffle system like those of Van Atta et 31(7)
to reduce the scattered electrons, The beneficial effect of this
baffle systen on the measured spectrum was investigated with the
internal conversion line of the G65~kev gamma-ray from Csl57(8>.
The baffle system of the spectro-chamber is shown in Fig.7 in
units of cm.

(Figo7)

In operating the spectrometer, a resolution of sdbout 5
percent was used to increase the transmission, The detector
consisted of an ordinary G-M counter of the end-window type,
whose mica shect was 2,9 mg/erf thickness,

The measured beta-ray spectruz was analyzed usinz the Ferui
plot; that is, the plot of (N/f(z,w))V2 against the total energy,
where N is the number of counts per minute of beta-ray per unit
momentum, and f£(z,v) iz the Ferml distribution function of trans-—
ition probability, and w is the energy of emitted electrons in
units of mc2. In this analysis a better .approximation for f(z,w)
especlally for large z, as given by Bethe and Bachersg) was used,

=]~
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4,2 Results and Discussion

The absorption curve of the CeOa-fraction pricr to beta-rey
analysis i3 shown in Fig,8. In Fig.9 the sbsorption curve of this
fraction on April 19 1s compared with that on May 15, from which
the apparent half-life of the higher ensrgy part of bebta-ray and
that of the lower energy may be estimated separately.

In Fiz.10 is shown the cobserved bets-ray specstrum cof the
Ce0p~fraction, The insert im Fig.l0 showa the internal con—-
version line of the l34-kev gamma-rsy., The allowed Fermli plot
of the higher energy part of the beta-ray is shown in Fig.ll,
from which the end-point energy of 2,97~lev can obtained, This
beta-ray sroup was then subtrasted, and the remaining beta-ray
groups. were also analysed using the Fermli plot, It can be seen
that the wmeasured beta-ray group is =2 conplex conslsting of six
conponents with end polnts at 1.377-, 1.086-, 1,030~; 0,70%9=,
0.580~, and §.,438-Mev, '

(Pig.8)
(F13.9)
(Pig.10)
(Pig,11)

The data cobtalned in the present work were compered with the
monsntur spectra of pure Ce-isotopes which have been reported
hithertes Forter, Cook, and others{10)-(12) heve measured the
beta~ray groupe of purs 0914“ {289 a) ~ppiad isotope with a leas~
'¢0il speetrometer, snd have observed the beta-ray groups of 2,97-,
3:30=~, and 0,17-Mev, znd the gamma-ray groups of 134=, 100~, 80¢7~,
54-, and 33,7-keve For Cel%l, Feodman, Engelkemsir, snd
athers(l3)‘(15) have reported the beta~ray groups of 58] and
442-kev, and the gamma-ray group of 1li3-kev, For 031“59 Burzus
end others{16)-(18)pave measured the beta-ray groups of 1,39-,
and 1,09-, and 0.71-Mev, and the gamms-ray groups ¢f 720~, 660-,
356~, 289~=, 160-, and 35-kov,

=20~
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IN ARBITRARY LiniTs
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In this experiment, Cel#¥-ppl#4 wag agcertained to exist
in the sample, from the bets-ray spectrum of the highest energy
and the internsl conversion line of the 13a-kev gemma-ray, The
half-life of Cel4l is short compared to that of Cel#%  but the
existence of the former element in lower concsniration may be
inferred from the bete~-rsy groups of 580- and 458~kev, Tha
energies of the internal conversion lines of Cel¥4 and Cel43
differ from each other by only lO0-kev, and they have spectra of
similar shape, Therefore, these twoe could not be detected sepa-

rately because of the low resolving power of the beta-ray
spectrometer used in the present work, end because of & smsll

existing amount of Cel#3; but the poseivle existence of Cels3
rzay e inferred by the beta-ray group of 1.377-, 1.,0£6-, and
C,709-liev,

"Since At is rather difficult to separate the elementa Ce
and Y completely by ordinary methods of chemical separation(l),
a small amount of Y may be contained in the sample on a con~
tamination level. However, the idemtification of the 1,537-Mcv
teta~ray group of 191 wag difficult in the Celp~fraction.

‘In conelusion, the teta-ray grouns corresponding to Celd4-
Prlqa, Celaa, and 03141 were ldentified from Perai analysls of
the beta-rays emitted from the Ce02~fraction which was chemically
separated from the ash collected on board the No,5 Fukuryu iaru.
The other elements were also chemically separated, but Fermi
analysis was not undertaken because of the weaker radiosctivities
-after separation into wasrious fractions., The radiochemicsl analy-
s8is wrs conducted in cooperation with Prof. Yameters and his staff
of the Institute of Polytechnics, Osaks Clty Univeraityglg)(zo)
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S5¢ Bsdiochemical Analysis

Since it was urgently required to identify posaible radio~
active nuclides from the health physics point of view, this
radiochemical snelysis was conducted with special reference to
fission products. '

5.1 Outline of the Method of Analysis

The sample was dissolved in dilute nitric acid, and the
isotopic or proper nonisotopic carriers were added when the
solution was analysed'according to the ordinary method of system-
atic qualitative analysis,  The following findings have been
obtained from the preliminary experiment conducted during the
initisl 24-hour Period after obtaining the sample.

(1) Part of the radlosctivity of the "ash"™ was found in the
portion which was precipitated by\hydrogen sulfide from the
acid solution,

(2) A greater part of the radioactivity of the "ash” was found
to collect in the portion which was precipitated by ammonia
and ammonium sulfide in the presence of zmmonium chloride.
Rearly a1l of this part of the redioasctivity was also
precipitated by ammonia slone, More than one-half of the
activity was preclpitated by oxallc acid from weak acid
solution. '

(3) Part of the radioactivity wss aleo found in the portion of
alkaline earth metals, :

Such a distribution of radiocactivity sz in the above wae similar

to that of fission products. - Therefore the analytical procedure

was modified to some extent for convenience's sake to detect the
possible radioactive nuclides. Thus the iodine was precipitated
as silver 1odide together with cations of group I. And the
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portion which may be precipitated by hydrogen sulfide from secid
solution was separated into two groupsj the one which may be
precipitated from strong acid (ca, 2N) solution (earrier: Sb283)
and the other which mey be precipitated from dilute acid (ca, 0.3K)
solution (carrier Cd8), ®ith this procedurs a considerably good
separation of ruthenium and tellurium seems to have resulted
unexpectedly, The hydroxidea which were precipitated by ammonia
in the presence of ammonium chloride were treated with special
attention %0 the rare earth elements and zirconium.

¥hen two different redioasctive muclides co-exist and one of
them has a shorter half-life, the half-lives were estimated from
analysis of the decay curve. (half-life of 1131 and 1132 in
1131,1152),

#hen the beta-rsy energises of two coexisting nueclides
differ greatly, the higher ener:y part may be estimated sepa—
rately with a proper absorber. The intensity of the lower energy
beta-pay nay &lso be estimated a8 the difference between the
intensity of the higher energy dets-ray and that of the total bets~
r2y, By this method the half-life of esrch of the nuclides may be
estinated separately for some nuclides without wsiting for the one
with shorter half-life to deecay completely, (half-life of Rul05
andlgglos in Rul®34pulO64gnl06. half-1ife of Celéd in Celilycelas
+Pr Je .

Besides the beta-ray analysis with bdeta-ray spectrometer as
reported in previous section, the maximum energy of deta-rays of
individual nuclides was approximately estimated from the abserption
CRYVEeSe

52 Anelysis of Fiesion Products
(a) s

Srt9 was separated from barium and saleium by the EaCrOa
method{®) The shorter hale-life observed may be due to some
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contamination by such nuclides as Bal40, Therefore, the estimated
percentage of Srag, 1.6% as of March 26, may include some error
although correction was made for the probable amount of contami-
nation.
(v) s5p70,y90

A solution containing lanthanum as a carrier of ix’was added
to a solution containing strontium free from other metals, which
vas obtained from another portion of a large quantity of the
original sample. From this solution, hydroxides of rare-earth
metals were precipitated. These were then dissolved in dilute
acid snd converted into oxalate by precipitating with oxalic acld,

The oxalate containing Y99 had an activity which may be
estimated to be about one hundredth of the total mectivity of the
strontium portion., This value for Y?° activity may be considered
to be an underestimate, since the oxalate was separated from the
solutlon before its'complete precipitation,

(¢) 2r20+8p95me 95

Hydroxide precipitate by ammonia resulting from $he ordinsry
snalytical procedure was dissolved in HCL (1 : 10) and the
phosphate of zirconium was precipitated with NayHPO,. The shape
of the decsy curve which was flat at the end of March and began
to show a decreasing tendency from April to May with the apparent
half-life of about 70 days, may be explzined by assuming bthet a
large part of niobium might have been precipitated with the
zirconiun,

(@) RuiOB4Ryul0641106

Nuclides of ruthenium are considered to heve been carried
with antimony sulfide upon its precipitation from a strong acid
solution, about 2N in HC1 and HNOz. Thus, toward the end of
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April, p-rays from this antimony sulfide precipitate had a
rather simple absocrption curve which may de interpreted by
assuming that the main eomponents of B-rays consist of the one
with high energy from Rhl06, daughter of Rul0®, and amother
with low energy from Bul®3, soreover the half-1ife of each
nucilide measured seemed to support this interpretation,

{e) pel29m,pe129

‘It was shown by the B-ray absorption curve which was measure
on April 24, of the sulfide portion coprecipitated with cadmium
sulfide carrier from 0,3H acid solution that the mein component
of the P-rays was the one with & maximum energy of 1.8 Hev.

The apparent half-léfe of radiosctivity of this portion, including
some nuclides with shorter hailf-lives was about 20 days. Though
identification of the nuelide with 1.8 Mev B-ray wes not suceessiul
on account of inmdequate chemleal treatment, this nuclide is likely
to have been Tetdd accomnpanled by its parent T9129m. -

(£) ®meld2,1132,3131

Radiosctive lodine was aeparated‘from cations other thean
group I by coprscipitation with silver chloride, The presence of
1132 gng 1331 gos confirmed from the analysis of the decay curve
and the sbsorption curves at different timea, Peld2 was deduced
t0 be present from genetic relationsbip.

() Bal80,1,140

Bariuz was separated from strontium by the Eplrly4 aethodsza)
A single treatment acecording to this method could not regulit in
complete separstion, However, the presence of B could be
cenfimed, since weaker activity of Srgo, parent of Igo, zade
it easy to confirm the formation of Lalgo from Balgo through
ehemical ssparation of Lad40 from its parent,
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(h) celMlycells,pplés

Mixed compounds of rare earth elements, which were obtained
from another large quantity of "ash®, were treated according to
the iodate method§23) A doubly repeated treatment resulted in a
good sepusration of cerium from the other rare earth elements.
The presence of Prl““, daughter of Cel®4 gas confirmed on the
basis of B-ray absorption curves of ceriun portion, Since the
apparent half-life of the activity of low energy R-ray of this
portion, P-ray of Prl44is of high energy, was found to be 36
days from the analysis of the absorpstion curves of beta-rays at
different times between April 19 and May 20, From comparison of
this observed half-life end the kumown half-lives of Cet*! sng
Cel48, the ratio 4:1 was deduced for the ratio Cel#licel44
disintegration rate on April 19, The value 7:1 i3 calculated
a8 the ratio on March 26, :

The beta-ray snalysis of this fraction with the beta-ray
spectrometer was also made and the activity of 38144 wag @8-
timated toc be approximately 2% of the total activity of the
mixture of rare earth elements as of March 26.

5¢3 Other FPindings and Discussions

Since it was known that the "ash" consisted mainly of
calcium hydroxide, calcium was examined for radioactivitye.
In calcium, activity less than 2% of Sr89 activity was found,
but the greater part of 1t was considered to be due to con-
tamination with Sr€9, 1In this respect, we are not consistent
with K, Kimura et al{2) who found Ca®> in such 2 high sctivity
as sbout 20% of 5r8Y activity, This inconsistency may be due
to the large self-absorption eof low cnergy B-ray of Ca’d with
a ler e amount of the carrier,

Later, in November 1954, a radiocactive nuclide which may
be comnsidered to be Znes was detected from the intestine {ca,
47% activity) and the ovarium (ca. 18% activity) of the tuns
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fish caught in the latter half of 1954 in the Pacific.,

The absorption curve of the radiation emmitted from this
nuclide wag observed to agree well with that of Zn65 obtained
from Cak Ridge. However, this nuclide was not found in ap=-
precisble amount in the "Bikini Ash" collected from the Fukuryu
Earu.

From an aliquot of the original sample of Bikini Ash reserved
for about two years for the purpose of detection of long life
fission products, strontium was separated from calcium with the
concentrated nitric acid method after the addition of carrier Sr.
¥ieltinz for atout 20 days for the growth of Y90 after the sepa-~
ration and purification of Sr, ¥-fraction was separated from Sr
with the ijon exchanze method (Dowex 50) after the mddition of
carrier Y. The existence of Sr90+Y90 »a8 confirmed by the de-
tection of Y9o beta-activity in this !—rractionsas) 0813?+Bal57m
was also confirmed by the detectlon of photo-peak corresponding
to this nuclide with the gamma-ray scintillatlion spectrometer
in the cesium bismuth ilodide precipitate(26) from the alkaline
zetal fraction with carrier Cs, The ratio of activity of Srgo
to that of 05137 wag estimated to be about 1l:1.7. The radio-
active free samples of Sr, ¥, and Cs used as the carrier in this
sgnalysis were kindly provided to the author from Prof, lishi of
Kyoto University.

Judging from the various conditions of the locel radicactive
fallout on the boat &0 - 90 miles away from the Bikini Atoll and
assuning the surface radioactive contamination of 50 curies/'m2
to be a representative average figure for the elliptical area.of
about 200 km downwind distance with the maximum c¢ross wind width
of 60 km as deduced from the comparison with the mode of spreading
of volceno ash in the past, the total activity in this area may
be estimated to be roughly about the order of magnitude of 7xlOll
curies with higher degree of contamination closer to' the test
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site and lower degree away from the gsite. Assuming thet roughly
about one half of the total fission products fell in the local
area and that the activity per one gram of fission products at

a few hours after fission is sbout three million curies, the
total amount of flssile material that underwent fission at the
time of nuclear detonation may be estimated at ahout 4.6xlo5 g
or roughly about 500 kg

Comparing the msbove estimatlon with the atomic rhombs dropped
ovar Hiroshima and Nagasakl which are assumed to correspond to
20 Xilotons TNT equivalent detonations wlth the nuelear fisslon
of about 1 kg of U255 in case of Hiroshima snd of Pu259 in case
of Nagzsaki, the size of the thermonuclear test conducted in
Bikini on Mzrch 1, 1954 may be estimated to be about 10 megntons
TNT equivalent detonation.

However, since such a large amount of nuclear fission as
estimated from the high depgree of radioactive contaminstion of
No.5 PFukuryu Maru seemed to be almost impossible with the slow
neutron fission of 1.7255 or Pu2§9 because of the limitation due
to critical mass, the author was led to a conclusion(BA) that
the nuclear detonation in Bikini must be due to the fast neutron
tission of a lerge amount of natural uranium or UEBS.

Later this assumption was supported by the detectlon of
uranium 25722)(5)(29) which was reported by K. Kimura, et at(2)
Lo have existed in about 20% of the total activity as of Xarch
26, 1954, HMoreover, the ratio 1:1.7 of the activity of Sr9o to
that of 03157 seems to be closer to that of the fast neutron
fission of uranium 236(1:1.9 ~ 2.0)than to that of the slow
neutron fission of uranium 235(1:1 - 1,2).

In view of these findings in the light of the present
xnowledge of nuclear physies and engineering it may be inferred
that the fast neutrons which caused the fast neutron fission of
a large quentity of natural uranium or 0238 would have been
derived from some fusion reaction initially ignited by a slow
neutron fission of U255 or Pu259, as pointed out by R. E.
LappSBl)(34) Je Rotblat$32) and Indian scientistss53
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6. Eotimation of Internal Dose

In order to obtain a e¢lues to estimating the possible internal
dose of radiation due to ingestion or inhalation of the Bikini
Ash, we have conducted, from the health physics point of view,

& series of bilological experiments by administering the extract
of the dust collected from No.5 Fukuryu Maru to about 100 rats
during the period from lste Hareh to May, 1954,

As 8 result, radiocactive icdine wss observed to accumulate
rapidly in the thyroid gland. Therefore, we obtalned the im-
pression that the selective power of upteke of specific elements
by some of the organs of the animals might help as a subsidiery
mezsure of the rapid radiochemical identificstion of some of the
nuclides in case of emergency,

After aﬁtopsy, the radloactlive decay of different organs
have been measured. However, since the extract of the dust
administersed to the esnimal wasﬁmixture of various radloactive
nuclides, the radiocactive decay 4id nct seem to obey a simple
exponential type, therefore we have tried to approximate 1t by
a power function of the time ¢ after the nuclear detonation on
Rarch‘l with the negative exponent of t. The general expression
may be glven by

A= A.lt"n (€)

where A is the activity in the organ excised from the experimental
animal at time t alter the nuclear fisslon, snd A} snd n are con-
stanta.

“With most of the organas except the thyroid gland, the average
value of n or the exponent of ¢t was observed to be roughly about
unity ranging from 0.8 to le3, with somewhat lower value with the
bone occasionally., However with the thyroid gland the value of
n was observed to be roughly sbout 2, or sometimes it wae estimated
to be 83 high &8s 2.37., A part of the resson might be ascribed to
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the higher percentage of activity due to radioasctive iodine 13
in the thyroid gland during this period of observation. Some of
the exanples are shwon in Fiqgla - 13, Among the various complex
(Pig.12)
(Fig.13)
factors involved im this type of analysias, we must pay attention
to the fact that various radiocactive nuclides included in the
fission products undergo radioactive decsy and change into differ-
ent nuclides with time as shown in Fig,l4. Therefore, sometimes
(Fig.14a)
there seens to be a pessibility that the organ, in which nmajor
part of activity may accumulate, might be'expected to change
with time, and that depending on the time, at which the fission
products mixture was administered, somewhat different results
nay be obtained in the retention ratic as well as in the relative
distribution of the radioactivity in various organs.

The estimation of the percentage of retention or uptake of
the activity by various organs was attempted, but it was observed
tc be considerably different with the posszsible impurity included
in the dust, from which the radicactivity was extracted, and the
acldity of the extract at the time of the administaration to the
animsal, and in some extreme cases it was observed to be differ-
ent by about one order of magnitude. However, as a general
tendency, a higher percentage of retention was odbserved with the
extract of lower pH. Some of the results of the experiments,
with which relatively higher percentage of retention was obtained,
are shown in Figs.l5 - 17.

(Figel5)
(P1g.16)
(Pig.17)

From the analysis of these data, the effective biélogical
half life was estimated to bde roughly adbout 10 - 15 days for
the liver and 30 = 100 deys for the bone.
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In view of these findings, it seemed almost impoeible to
estimate mccurately the possible internal) dose of radistion the
crew might have recelved during their voyage or at the time the
dust fell on the boat. There seemed to be too many unknown
factors which might influence the results, such a3 the acidity
or pHE in the stomach, whether some of the radicsctive nuciides
in the dust reacting with the acids in the stomach formed some
soluble chemical compounds, or whether some of the nuclides
formed some soluble complex with orgsnic acids, or whether some
soluble chelate complex of the radioactive nuclides were formed
or not, etc, All of these factors seemed to affect more or less
the results of the dose estimation, dut the most important of
all was the difficulty in estimating the exsct amount of rsdio-
activity the crew possibly ingested or inhaled on the bost.
Although the exact amount was not known, eccording to the
statements of the fishermen, some of the crew seemed to have
ingested considersble radloactivity at the time of tasting the
strongly radiocactive dust to see what it was without knowing
that it was strongly radicactive,

Judging from these statements of fishermen and from the
degree of radiocactive contamination of food and drinking water
the author detected in the boat, & rough order of masnitude
guess was made as to the amount of radicactivity some of the most
highly contaminated crew might have ingested and irhaled on the
boat and the upper limit was estimated te be in the range from a
few curies to about a tenth of a curie. '

In spite of these difficulties, when ¥r. Kuboysma, chlef
wireless operator of No.5 Fukuryu iaru died at 6:56 p.m. Sept.
2%, 1954, the author wes requested by Dr. Miyoshi of Tokyo
University Hospital, who wes then the chief doctor in charge of
the Bikinl patients in Tokyo, and Dr. Kumatori, who was then the
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chief doctor in charge of Mr, Kuboyama at the National First
Bospital in Tokyo, to estimate the possible internal dose of
radiation.

The pathological findings according to the autopsy of
Mr. Kuboyawa «dnducted.by Dr. Ohashi, the chief pathologisﬁ
at the hospital may be introduced briefly in the following.

The scars of radlation burns were observed on the neck,
left leg and both insteps. The weight of the liver was B60 g,
about twe thirds of the normal weipght of 1,200 g. On macro=-
scopic examinstion it appeared to be in a stage towards subacute
liver cirrhosis. Because of the marked sign of jaundice due to
¢isturbtances of liver function, it has been suspected that this
night bte due to the seru anepatitis through blood trensfusions,
but it seems to be extremely difficult to prove this definitive-
ly ir this cese, Even 1f we admit that it was the serum hepatitis,
the radiation did not seem to be excluded from the possible causes
leading him to death, because of the possibility of the latent
virus being sctivated by radization, while the resistance of the
body against variocus infections being lowered£29)

Besides the liver, wvarious pathological changes have been
observed in the lungs, bone marrow, kidney, spleen, pancreas,
testis, etc, Some mycotic infection has been detacted in the
lungs and gastrointestinal tract. This may be due to the repeated
application of various antibioctics. However without the appli-
cation of antibiotics or blood transfusions: it seems to be very
probable that the patlient might have ‘died much earlier either by
sepsis or by hematopolietic injuries as was the cese at the time
of Hiroshima and Kagasaki, ’

After autopsy, some of the orgzans have been sent to Kimura's
Laboratory of Tokyo University and to Nishiwski's Lsboratory of
Osaka City University for the analysis of radiocactivity., The
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grossactivity which msy be ascribed $o the fission producta
pixture (after elimination of potassium activity) was estimated
at- Nishiwaki's Laboratory to de in the range of 1076 - 107
pe/gm at the time of his death, although the sctivity at differ-
ent part of the organ was considersbly differvent, sometimes by

a factor of 2 -~ 5 with the highest difference in the lung.

From the radiochemical analysls conducted by XK. Iimura, et
al, such nuclides as Ru106+Rh106, Te129m+T3129, 2125+Nb95,
Celna+Pr144, Srsgg Sr9°+19°, were reported to have been detected
in the liver, kidney, lungs, muscle, and bone, Although the
detected nuclides were limited and the existing amount was small,
extrapolating ‘back to the time the dust entered the body the
originel amount mey be estimated to have been much larger, Taking
into account the radicactive decay and the possible rate of blo-
logical elimination, it did not seem to be prob:ble at all that
the nuclides detected after his death were the only ones that

had entered the bodysag

Although various uncertainties involved in this type of
internal dosimetry seemed to be too large to permit any accurate
estimation, zssuming the activity at the time of death of Xr,
Kuboyams was 25x10 2 ¢/z for the bone and 5x10~ 12 ¢/g for the
liver, an order of magnitude estimation of the initial amount of
activity in the liver and the bcne was attempted by the suthor,
taking into consideration of the results of the blologlical ex-
perimentg, based upern the following egquaticn.

_0«#_?3&_6) :
A=/;1£__t____ (7
where A 18 the activity per unit mass of the organ (c¢/g) at time
t after the nuclesr detonation, © the assumed time st which the
maxinum aectivity reached the orizan, T the average biological
half life, and 4, a constant.
(Fig.18)
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The results of the estimation of the activities in the bone
and in the liver are shown in Fig.lB, where the average biological
half 1ife T in equation (7) is assumed to be 30-100 days for the
bone and 10-15 days for the liver. The corresponding internal
dose of radistion in unit of rad for the period from the time ©
to the time tl after nucleaxr detonation may be siven by the
following sqguation.

D _ _37x 0% 84e00x45 x/0™¢ J‘tl 4 =
(&%) /00 )

(8

where A(y) 18 the activity per unit mass of the organ as expressed
in unit of ¢/g at the time t after the nuclear detonation and E
the effective energy of radiation, and & and t; are expressed in
npunber of days after the nuclear detonation,

Assuming the equation (7) for A(y) in equation (8), the in-
ternal dose was estimated for the liver and the bone of Mr, Xuboyams.
The results of the estimation are given in Figs.,1l9 and 20, where
two values of 8, Qs-%— day end ©=1 day, are assumed as the time at
which the maximumactivity might have reached the critical organ.

(Fig.19)
(Fig,293)

As can be Secn in these figures, with this method of esti-
zmation the integral ioternal dose of radistion of the liver may
be estimated to be about a.?x102 rads for @=)l day and ?.lxlo?
rads for D-—L day, assuming T=l5 days, and about 4.7110 rads
for 9=1 day and 7,6xlo rads, for 9-%- day, asssuming T=10 days,
while that of the liver =sbout 1.9 rads for 9=l day apd 2.2 rads
for 9-%- day, assuning T=100 days and about 40 rads for 6=l day
and 58 rads for 9-41- day, sssuming T=3 days.

Although the highest value of the initial maximum activity
estimated for the liver with G-ﬂl'- day seems to be somewhst over-
estimate, Judging from the degree of strong local radlocactive
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fallout and the conditions on the boat, it seems protable thst
the opper limit of the integral internal dcse of radiation of
some of the most highly exposed crew might have been in the
renge of the order of magnitude of 102 - 10® rads for the liver,
However, since the individusl differences in the function of
liver would be quite large depending on various physiological
and pathological conditions, the individual differences in the
responge of the liver to radlation may be expected to be con-
siderably large depending on the wvarious conditions of the
individuals especially in the case of the abnormsl functions
of the liver.

In spite of the fact that 2 higher activity was detected in
the bone at the time of Mr. Kuboyama's death, the initial maxiomum
amount of radiosctivity in the bone was estimated to be lower than
that in the liver, This i3 bascause longer helf-lives were assumed
for the bone at the back extrapolation with the above method of
estimation. However, from the comparison of the initial maximum
amount of radioactivity in the bone with that in the liver,
taking into consideration of the ratio of the initlal retention
of grouss sctivity in the bone to that in the liver estimated from
the biologlcel experiment, the initisl maximum emount of radio-
activity estimated for the bone by the back extrapolation with
the above method seems to be an underestimate, Although the
correaponding integral internal dose of radiation for the bone
is estimated in the range of about 2 - 60 rads as shown in the
figure, if the initial amount of radioactivity were higher, the
corresponding integral dose would be expected to be higher.
Egpecially, if we take into consideration of the possible non-
unifornity factor of 5 as given by ICRP(1958)$35) the integral
doge for the bone might be estimated much higher, Judgirng from
these considerations, it may not be too much to assume that the
integral internal dose of radiation for the bone might have been
in the range of the order of magnitude of about 10 - 300 rads,
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?. Loter Pindings on the Contaminstion of Fish in 1954

On Earch 19th, 1Y54, the U,S5, Atomic Enerzy Cowmmission
announced the enlargement of thke varning ares up to o seul-
cirele of radius about 450 miles extending north from the orizi~
nal Bikini-Eniwetox warning arez, However, luter the Bureau of
Marine Products of the Japanece Governzent set a reporting area
around Bikini which is more than double larger then the wsrning
area expanded by the USAEC, and sny fishing boats entering this
area were requested to report to f{ive major filshing ports in
Japan for radistion monitoring.

The first contaminated fish which were brought back to Japan
by No.5 Fukuryu Maru in the middle of March were found to de
emitting much strongzer radiation from the surface than from th:
inside, and the government set the tentative discarding lewvel of
radiocactive contaminatad fish at 100 cpm as measured at 10 or
from the wet surface with the beta-ray counter with 3.5 mg/cm?
mica window plus 2.5 mg/em2 plastic cover to protect the counter
window, The natural counts of this counter were about 30 cpm,.

In the mean time the se:ond thermonuclear explosion test
wag conducted on March 27th, the third on April 6th, the fourth
of April 26th, the fifth on May S5th, in the South Pacific, and
another test sppeared to have been conducted gsometime between
Kay 8th - May l4th as judged from the analysis of the artificlal
radioactivity in the rain,

Although it was announced on ¥ay l4th, by the U.,S.4EC that
the series of H-bomb tests which were successfully conducted at
Bikini area were concluded for that year, the contamination of
fish and boats continued to be observed,

Therefore, in close ccoperation with the pudlic heaggp
officers of the @saka City and Osaka Prefectursal Government,
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we have been continuing the radiation monitoring of the fish and
the toats coming to Osaka Port from the South Pacifiec ares,

From the fish which have been caught outside the expanded
warning area,‘stronger radiocactivity has been detected in the
internal organs than on the skin., As the time went on, the area
in which the contaminated fish were caught seemed to expand
graduslly.

In September, some of the fish caught at about 10 - 20 miles
off the Pacific coast of Japan hdave been found Lo be contaminated
(above 100 cpm at 10 cm), while no significant increzse of radio-
activity of ser-water near the cosst of Japan has been detécted
gt that time., Yven in December highly contaminated f£ish (1000 -~
2000 cpm) have been found occasionally among the fish caught in
the coastal waters.

iluwever the percentage of such highly contaminnted fish seemed
to e decreasing with time (0,1 = 0.0L per cent). Host of the
fish ware found to have the radiosctive contamination of lesager
degree, fapparent radiosctivity of less than 100 cpm at 10 cm)e

With most of these low conteminated fish the radiocactive
contanination of the white part of meat was estimated to be J.O"ti
pc/rm or lesa, The anount of fish consumed at m meal may be
roughly about 100 - 300 gm,

The radiocactive contamination of some of the fish contami-
nated 50 a redlum extent examined by random sampling by the suthor
and his sssociates et the Department of Biophysics, Osaka City '
University since May, may be estimated to be roughly about 10'1 -
1077 uc/gm in the internal crgens, 1072 - 1073 pe/gm In the red
part of the meat, about 1074 uc/gm in the white part of the meat,
snd less than 10™% uc/gm in the skin.

Towards the end of 1954, besides the ordinary fission products,
about 10 ~ 50 per cent of the apparent redioactivity detected in
%he fish h2s been found to be due to radiosctive zinc ZnGS. The
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reason why so much radioactive zinc asccumulated in the fish is
not certain, but the production of detectable smount of Znss by
the. neutron activetion of some metallic part of the bomd itself
seems to be possible at the time of the nuclear detenation,

At the end of the year the Japanese Goveﬁ@ent ordered the
local governments to discontinue the radloactive examinstion of
the fish partly because of the decrsasing percentage of the
highly contaminated fish, partly because of the larger maximum
pernissible amount of Zn65 given in the U.S.National Bureau of
Standards Handbook 52535 and partly presumably becsuse of the
complicsted economic probleme accruing to the radietion moni-
toring at different ports scattered &ll over Japsn, The total
amount of fish diacarded from ilarch through December, 1254 becausge
of the radioactive contamination (above 100 epm at 10 cm) was
eatimated to be slightly over one million pounds,

(Fig.21)

According to the atatistics in 1952530) the totel amcunt of
finh causght ver year bty the Japanesa fishermen was sbout 9.6x109
pounds, and the total number of fishing boate was 446,652,
Fig.21 shows the position of the boat operating in the Pacific
when either the fish caught or the boat itself have been found
to be contamineted by the radioactive dust on returning to the
Japanese port during the period from iarch through June 1954.
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Fig.2L : Radioactive Coutamination of Boats and Fish
in The Pacific in 1854 (M —vr)

Bs

QDP:

J

NB8:
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RD{May):

AD(Sent,):

@<

Bikini, the small rectangle in solid line around Bikini indicates
the original warning area on March lat, 1954 (N 10°15' - 12°45',

E 160°35¢ - 166%187),

Position of No, 5 Fukuryu Maru at 3,40 a.m, March lst, 1954, which
vas identified to be N 11053-, E 166058', about B0 - 90 milea east
of Bikini,

Each cross with circle indicates the position of one boat operating
in the Pacific when either the fish caught by the boat or the boat
itself have been found to be contaminated by radicactive dust on

-returning to the Japanese port, (March through June, 1954},

The semi-circular area of radius 450 miles extending towards Rorth
from Bikini-Eniwetok Area indicates the expasnded warning area
during the period from March 19th to May 22nd, 1954, The remaining
radiocactive contamination of sea-water in this area detected by the
Japaness Government Radiation Survey Boat in June may be estimated
to be about 5 x 1072 = 1077 pe/l. In August Rongerick and Rongelap
Areas were announced to be still hazardously contaminated, (Notice
to the Javanese Department of Hydrography from U,S.; Youiuri, August
28th, 1954),

Large square in dot and dash line indicates the Reporting Area

set by the Bureau of Marine Products of Japanese Government,

(v 2° - 21%, 5 152° - 175°), Any fishing boats which entered this
area had been requested to report to five major fishing ports in
Japan for rediation monitoring,

North EBquatorial Current,

Equatorial Counter Current,

Poesible route slong vhich the radioactive dust in the air has

been carried to Japan during the period of unusually highly
radicactive rainfall in the middle of May, (Kagaku, August 1954),
Possible direction of air current during the period of unusually
highly radiocactive reinfall in the middle of Septemoer, (Kagaku
Asahi, Decenmbder 1354),

One fish indicates 10,000 fish per year caught by the Javonese
rtishing boats, in the area fndicated, ({Statistics from Aoril 1932
to April 19533 Shizen, July 1954),
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Summnarxry

A study has been made, from the heaslth physies standpoiat,
of the radiasctivity emitted from the dust collected from No.5
Pukuryu Maru, which was showered by the strong radioactive ash
at about 80 - 90 miles east of Bikini on March 1, 1554,

The probable dose of external gamme radistion the crew might
bave received during thelr two weeks voyage may be estimated
roughly asbout 500 - 800 rad. However, Judging from the strong
radioactive contamination of the boat, it msy be inferred that
the crew mizht have received a considerable degree of internsl
irradiation besides the external whole body gamma irradiation and
the local beta irradiation on the skin where the radicactive dust
directly contacted., The specific activity of the dust when it
fell on the boat a few hours after the nuclear detonation may be
estimated to he roughly asbout one curie per granm.

Prom the radiochemical analysis and the beta-ray snalysis,
the major part of the radioactivity included in the dust was
found to be due to a mixture of various fisgsion products, while
the mein chenical component of the dust (Bikini ash) itself
consizsted of a ¢alecium compound,

The alpha-ray was alse detected by the use of an ionization
chamber in that portion where transuranium elements, if present,
tf—present, were collected,

The tuna fish and the shark fins which were brought back
to Jdapan by No,5 Fukuryu Haru in the middle of March, 1954 were
nost strongly contaminated on the sxin, dbut the fish causht
later in thse South Pacific were found to be contaminated more
strongly in the internal orgens rather than on the skin, The
aresa in the Pacific where the radiosctive contamlnated fish
were caught seemed to expand. gradually with time, In the latter
half of 1954, besides the ordinary fission products, the radio-
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active Zn65 which was not found in appreciable raount in the
original Bikini ash hes been detected from the internsl orgens
of the contaminated fish. A possible production of Zn > by the
neutron activation of some metallic psrt of the bomb deviczs at
the time of nuclear detcnation may ve inferrad,

Based upon the results of the biclozical experiments con~
ducted with the extract of Bikini ash using rats and the result
of the radlosctive analysis of some of the orgsns of Kr, Kuboyama,
the chief wireless operator of No.5 Fukuryu Maru who died at sbout
206 days after the nuclear detonation on March 1, 1954, an sttempt
has been made to estimate the internal dose of radiation.
Although the accurate estimation seems to be extremely difficult,
Judging frowm the desree of strong radicactive fallout and the
various conditions of the boat and the crew, the upper limit of
the integral internal dose for the liver might be estimated in
the range of the order of magnitude of about 10°-10% rads, while
that of the bone irn the range of about 10 = 300.rads.

From the degree of strong radiosctive contaminatlon of the
boat and the results of the radiechemical snalysis of the Bikini
ash, the size of the nuclear detonation conducted on March 1,

1954 in Bikini was estimated to be roughly about the order of
magonitude of 10 megaton TNT equivelent fast neutron fission of
the nstural uranium or uranium 238,
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Preliminary Pindings on the Radioactive Fallout due to

Buclear Detonations

Since we have detected a considerable amount of artificial radio-
activity in the rain in spring 1954, it has become one of the most
important items, from the health physics point of view, to continue
measurements of radioactivity in the rain and in the atmosphere, To watch
out the radioactive contamination of our environment due to repeated nuclear
veapons testings in other countries was also conasidered to be important
from the nuclear engineering point of view, in the sense that the permisgsi-
ble allovances of the radicactivity for the peaceful uses of atomic energy
might be lowered if the degree of radioactive contamination due $o nuclear
testings should continue to increase gradually end indefinitely,

If the permissible level were lowered, the coat for radlation protection
may be expected to increase at the peaceful uses of atomie energy and should
the radiocactive contamination increase seriously in the rﬁturo, it was
anticipated that we may have to face a very difticult situation in designing
the atomic energy facilities for peaceful purposes in our country,

From these points of views, we have been confinuing measurements of
the redicactivity in the rain in Osaka Japan since the spring of 1954,

Some of the preliminary findings are introduced in this paper,

1 Preliminary Pindgng,(l)(7){8)
Since a serieas of thermonuclear tests in the Pacific area began in

March 1954, ve have been recognizing an increase of radioactivity in the

dust included in the rain,



Early March {Merch §), 1954, a fallout of strange dust with the rain
vas obgserved over Atsumi Peninsula, central part of Japan mainland, facing
the Pacific Ocean, Same phenomena were observed also in Yoshino distriot
of Rara Prefecture near Osaka (March 6 -~11), Laeter this dust was confirmed
to be radioasctive,

Since it vas confirmed in our laeboratory that the rasdioactivity detected
in the rainvater which fell in Osaka on April 17 = 18 was mainly due to the
artificiel radioactive nuclides {about 50% of beta-ray activity was found
to be due to rare-carth elements mixture) by the radiochemical analysis as
well as by the analysis of decay curves of gross activity (mpparent half-life
wag about one week), we have started a systemastic checking of all rainfalls
in Osaka, In PFig,l, the mbsorption curve of the radiation emitted from the
radioactive residuals which were obtained from the ralnwater of April 17
was compared with that of the radioactive dust which fell over the Atsumi
Peninsula and the Yoshino diatrict in the wmiddle of March,

(rig.1)

Since such naturally occurring radioactive subatances as the disinte-
sration products of Radon (Rn) or Thoron {Tn) might be included in the rain,
vae have carefully exsmined about this point, From the rspid measurement of
the atmospheric dust, the rapld decay of RaB with the falf-life of about 27
min, and of RaC vith the half-life of ebout 20 min, may be observed, but in
a fev hours RaB+RaC decays out to a negzlizible level, A few hours after
sampling o{jﬁimospheric dust the activity of ThB with the half-life of about

10,6 hra may be observed but it decays out to an almost negliigible level in
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Fig. 1. The absorption curves of the radioactive dusts which fell in the middle of March
over Atsumi Peninsula, Aichi Prefecture (A) and Yoshino district of Nara Prefecture (B
near Osaka are compared with that of the residual of April 17th rain in Osaka (C).



a day or so an& in a few days it 1s almost undetectadble with our usual method
of routine measurements of the radioasctivity of the rain,

Although the atmospheric content of such naturally ocecurring disinte-
gration products of Rn or Tn may be expected o change considerably at
different places, at different seasons of the year and at different times
of the day, the percentaze of the activity of ThB to that of RaB+RaC as
estimated by back-extrapolation may be estimated to be adbout a few percent
in the city of Osaka,

Since it takes s considerable time before measurement of radicactivity
after sampling in order to collect the dust by complate evaporation of
rainvater with our usual method of routine measurements, the possible degree
of complication due to natural radiocactivity such as Rn or Tn was conaidered
to be almost negligible if ve estimate the artificial radiomctivity at the
time of sampling by the back-extrapolation from the decay measurements a
few days after sampling, especially when the artificial radioactivity due to
nuclear testings included in the rain in Japan which is usually at least a
few days to about a veek of ase is atrong,

The measurement of radicactivity of the rainwater was carried out with
the residuals, which were obtained by complete evaporation of the rainwater
at least six to ten hours after sampling and wvas placed at a few centimeters
from the beta-ray counter with 1,9 mg/cm2 mica vindow and effective area x cnz,
The natural count of this type of counter is about 20 cpm and it is customary
to express the radioactivity with the numder of gounts per minute detected
above the natural background activity as estrapclated back to the time of

sampling based upon the decay measurcments for a few days at least.
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In our past experiences, non-metalic containor peemed beiter than metalie
container for collection of rainvater for the purpoae of examining radioamctivity,
s0 we have been using glass containers, Later it was found that the polyvinyl
or polyethylene container or sheet might be more suitable: for this purpose
than the glass wvares,

The radiocactivity in units of microcuries was egitimated from the comparison

with the sub-atandard source of srgo 90

-« Y°°., However, Osaka being a large
industrial centre, the amount of residual after compleie evaporation of
rainvater containing soot and duast is sometimes 30 high that the self ab-
sorption due to thickness of sample at the time of radicactivity measurement
nay not be negligible, 7The apparent total radioactivity was occasionally
found to be higher after the chamical separation of the radioactitéfe
substances from the non-radioactive residuals,

The radioaotivity detectad in the rain in the middle of Mey 1954, vas
unusually high in Osaxz as vas in other diatrictasl)(z)(4) Frow the initial
raingall en May 16, 1354, the radioactivity of about 87,000 opm per litre vaa
detected in Kyoto near Osaka by Prof, Shidel of Kyoto Univornity(1)<2)(4)
vhich may bde estimated to correspond to about 0.5 - 1,0 micro-curie per litre,
The radicmetivity concentration of the rainwvater was observed to be much
higher at the beginning of rainfall, 7The amount of radicactivity washed down
with the rain during this period of unusually highly radiocactive rainfall may
be estimated to correspond ts roughly about 0,1 - 0,3 micro-curie per sq, n
per day in Osaks,

In Fig,2, the adsorption curves of the radicaotivity detected in the
rain on May 14 and on May 17 are shown,

(rig,2)
-6ly~



cpm

o L L b,

The absorption curve of the radioactive residuals of May 17U ran

20 © 0 [ 190 120 ) 160
mysemd Al

A

is compared with that of May 1ith rain, B)

-65=



The decay curves of gross activity detected in the rain of May 14 and

May 17 are compared in semilogarithmic plotas in Fig,3,
(rig.3)

However, as can be seen in Fig,3, the decay of the gross activity of
May 17 rain is faster than that of May 14 rain in Oseka which is due to the
explosion on May 5, asc w; nay have %o assume that the unusual increase of
radiocactivity in May 17 rain might be due to some other tests conducted
after ¥ay 5 which has not been ascertained from the barograph and microbarograph
records,

If 3% could be assumed that the deeay curve of gross activity of
radiomctive contamination »f rainwvater should be linear in légarithgic plot
vhen the time of origin is taken as the time of nuclear explosion, the possible
dats of expicsion after May 5 may be estimated to be aboul May 12 or sometime
Setween May 8 and 14, 1954,

However, since the nucleer tests had been conducted repeatedly in the
South Pacific in the pericd from March 1 to May 13, 1954, it may be possible
that in the rainfall during May the radioactive dust originated in differentg
teats vere mixed up to some extent, Under such c¢ircumstances a more accurate
estination of the probable date of explosion from the analysis of the decay
curve of gross activity in the rain may become rather difficult,

on April 13, 1955, an unusualiy thick whitish rain was observed to have
fallen over & considerably wide area (Osska, Kobe, Kara districts and a part
of Kyoto Prafecture), Usually the residual obtained after complete evaporation

of rainwater was black or dark brownish in OsaoKa bacsuse of a great percentage

of soot,
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Although the amount of rainfall weas oﬁly about 0,1 - 0,2 mm in Osake
on April 19, it was 8o thick that each drop made a 6lear white apot on the
roof, windov panes, aud motor-cars, From the railnvater collected in the
Zlass container 2,609 - 3,500 ¢pm per litre of radioactivity were detected,
vhile the apparent radioactivity detected from the rainvater collected in the
polyvinyl container vas found to be only about one-tenth of the avove figure,
in spite of the fact that the polyvinyl vessel ie coﬁaidered to be better
than the glass container s the rainvater collector for the radioactivity
measurexent, MNost of the thick whitigh substance ia the rain including
radioactive substances geemed to have adhered to the polyvinyl mezbdrane,

In case of the unusually thick rain we may have to pay aﬁecial attention to

the method of collecting rainvater and of transferring it to other vessels

from the original collector, Othervise there may be s great danger of losing

a greater part of radioactive dust in the rain before the radioactivity measure-~
ment with the riaidual is done,

From the quantitative chemical analysis of April 19 rain, the whitish
residual wvas found to contain over 50% calcium, ¥Prom the snalysia of the
dust collected from a large funnel used for rainwater colleotion on April
19 aé the Osakn Central Meteorological Station, it was found that the dust
contained about 3073 caloium, 49% silice, and the res? was composed of socot
and other duat, PFrom further spectroscopic analysis of the dust by emission
spectrum conducied in coAperatton with Mr, Shimizu of Osaka City iééhnioal
Research Inatitute, the following elements were confirmed: Ca (a large

quantity), 51, Ps, Al, Mg, Na, a minute trace of Ni and B, The dust in the
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reinvater in the middle of March had been found to contain only about 5 - 5%
calcium, about 40% silica and over 50% zoot and other dust,

¥rom the preliminary radlochemical analysis of April 19gh dust with ion
exchange mesthod {Dowex 50) conducted in cooperation with Dr, Yamadera of the
department of inorganic chemistry, the radioactivity»ronaining after about
a veek wag confirmed to de due mainly to the various fisaion products
including rare-earth elements vhich amounted to smbout 60 to 797 of the total
veta-ray activity, However, the calcium and silica included in the residusl
did not seem to be radioactive to an appreciable extent,

Judging from these findings it seems probable that the minuie particles
of calcium and silica might have absorbed some of the rediocactive dust in
the atmosphere because of their high surface activitly, and vere washed down
vith the rain in addition to the radioamctive dust direcily collected dy the
rain, However, from where such high content of calcium im April 13 rain came
is atill unknown, Om April 13, similar rainTsll was reported to have deen
observed in Hokkaido, the northernmost ialand of Japan, snd later in some
districts of the western part of Japan mainland inciuding Osaka, The
possible corelation with the yellow sands from continental China wvas also
congidered,

In the middle of September and early November, 1954, highly radioactive
rainfall was reported mostly in the northern part of the Japan nainlandf3)
On Sept, 22, the radiocactivity of 128,000 epm per liter with the apprrent
shorter half-life was detected in Yamagata frerecture dy Prof, Terasaki of
Yampgata Univeraltysj)(s) which vas estimated to correspond to about 0.3
%

microcurie per litre with the sudbatandard source of Srgo -



In Jsaka, although a slight increase of radiocactivity in the rain was
observed a few days later, no such high increase of radioactivity in the
rain as reported in the northern part was observed during this period,

The occasional increase of radioactivity im the rain since February
1955 may be considered to be due at least partly to the effects of the
repeated atomic¢ tests conducted in Nevada atomic testing ground since early
1955,

Some of the other examnles of the decay measurements of the radioactivity
of the dust samples collected in QOsaks in spring of 1955 are given in Fig.4.

(Fig.4)

In order to check whether such a high degree of radiocaciive fallout
as odserved in the raln and dust of Dsaka, Japan in 1954 would be possibdle,
we have examined an order of magnitude estimation of the global fallout

essuning & fission-fusion~-fission %type of nuclear detonation,
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II Order of Magnitude Estimation

1., Fission-Fusion-Fission Bomb(9)(l°)
The total energy of about 200 Mev is assumed to be released

per one fission of uranium-235, plutonium=-239 or uranium-238
corresponding to a reduction of mass by about one tenth of a percent.
Of the total energy, the kinetice energy of the prompt neutron
emitted during fission is about 2,5% and the number of delayed
neutrons emitted during the period from a fraction of a second

to a few seconds after fission is about a few percent of the

prompt neutronts or less. The energy of prompt gamma rays is about
2.%%. The energy of geamma rays emitted from the fission products
is about 2.9%, while that of beta rays sbout 3.4%. The energy of
neutrino which may not be available as heat energy may be estimated
to be about 5.5%. Therefore the enerzgy releassd as the explosion
energy at the time of fission méy be estimated to be about

BO = 90% of the total fission energy.

Based upon the above figure, the energy release by the fission
of 1000 Kg fissile material whieh corresponds to about 2.6x1027
fissions may be estimated to be 8.4x1023 ergs or 21'1016 g. cal,
Since 1 Kw.hr = 860 Kcal, this may correspond to about 2.3x10-%Kw.hr,
or assuming the energy release of 1 g TNT explosién 1is about 1 Keal,
the nuclear fission of 1000 Kg fiassile material may be estimated
to correspond to about the explosion of 20 megaton TNT,

8ince such a large amount of fisslon seems to be almost
impossible with the ordinary atomic bomb of Hiroshima or Nagasaki
type, the nuclear bomb of Bikini type is assumed to be 3F-bomd or
fission-fusion-fission type. It is assumed that the thermonuclear
reaction or fusion reaction using lithium-6 deuteride was first
ignited by the slow neutron fission of U235 or Pu239 and then a



large amount of uranium 2386 used as a taumper might be fissioned
by the fast neutrons released by the fusion reaction mccording
to the following scheme,

1 [

(fission of Pu259) = ;M o+ LT — (r3+ Jﬁé*f 4, 8 MeV
% T3 & L 1 3 MeY . .
P T = Helr 7+ /’73NV>={> (fission of U\ a)
3 1
2 /’:tkz t gt 32 Me

.sz lD \‘ Hel + .T3 + 4_‘0 Mev
t

At the first step of slow neutron flaslon, about 25 Kg of plutoniun
nay be necessary. Usually a fractlon of this amount may be assumed
to fission initlially, dut even if we sssume 25 Kg of plutonium
fissioned becsuse of the high neutron flux released by the second
step, the corresponding energy release may be estimated to be
eguivalent to sbout 0,5 megatons of THPT, However, since amost of the
neutrons from the fission of plubonium may not have sufficient
snercy to cause the flasion of U238, the main role of fusion
reacticn using LiSD may be to produce fast neutrons to cause the
fiasion of U238. To releasse the explosicn energy equivalent

to 20 megations of TNT, roughly about 1000 Kg of U258 may be necessary
from the above estimetion. To produce sufficlent fast neutrons for
tpis purpoge, about 30 Kg of LiaD may be necessary and the
corresponding energy release from this reaction may be estimated

to be equivalent to roughly about the order of 3 megatons of TNT,
From these considerations roughly about 80% of the ‘energy released
by the above Lype of bomb may be estimated to be derived from the
fest neutron flasion of uranium-238,
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Although it has been reported(lo) that most of the nuclesr
detonations of megaton size conducted by the United States
in the past were about 507% fission and 50% fusion, if we assume
that the Tission of 1000 KEg 0238 eorresponds to the nuclear
detonation equivalent to 20 megatons of THT, the corresponding nusber
of fissions would be about 2.6x1027. Therefore, assumin% the rate of
neutron release of about 2,5 per fission, the number of reutrons
zenerated per 20 megatons would be about 6.5x1027. Dividing this
number by the Avogadfo number, we may estimate the corresponding
total mass of neutrons to be about 10,8 Kge

2, Carbon-ls4
In casc of the nuclesr detonation in the air, most of the
neutrons released would be expected to reaset with the nitrogen
nuclel in the air, producing the radioactive carbon-l4 with the

half-1line of 5,600 years.
7N14 . °nl

— 6Clu + lpl + 0.61 Mev
¥y M+ BT+ 0.16 Mev (2)

Although the actual number of neutrons escaping into the air
may depend on the type of nuclear detonation, if we assume roughly
about 50% of the generated neutrons would escape into the air,
about 74 Kz of radilocactive carbon-l4 may be produced, If we assume
all of the neutrons estimated in the above would be used for this
reaction, about 148 Kg or 672,000 curies of radicactive carbon may
be produced per 20 megaton TNT equivalent nuclear detonmation, If
we assume all fusion reaction using only deuterium=tritium fusion
reaction, roughly about 5 times more neutrons may be estimated
to generate for the same energy relesse as compared with the sbove
estimation, and therciore about 5 times more radicactive carbon-l4
would be produced, if most of the neutrons should escape into the
air, However, if we assume all fusion reaction of a mixed type

-75-



as shown. in eguation (1); the upper limit for the induced activity
may be about ten times higher than the sbove estimation,

The amount of ¢arbon-l4 produced per year by the absorption
of cosmic réy neutrons in the atmospere is estimated %o be about
7-10 Kg per yesr. The natural carbon=l4 content of the blosphere
is estimated to be about 1.28 -1.46110'12 times the total carbon
content, The amount of naturally existing carbon-l4 in the tetal
garth reservolir is estinmated to be about 55 to 81 metric tons
with the distribution sbout 1.69 = 1,47% in the atmosphberic carbon
dloxide, about 3,88 = 2,83% in the terrestrial living matter and
huwrusg, sbout 6.7 = 8.,61% in the total orgenic mestter of the ocean,
about 87,8 ~ 87,.2% in the total inorganic matter of ths ocesn,

Assuming that the DRA in each 4iploid c¢e211 contains about
1.2x10ll atoms of carbon, the natural carbon-l4 content in DNA
may be estimuted to te about 0,16 atom per cell with the dis=
integration rate per year sbout 2x10-5 » If we assume that the
generative cells, on the averasge, would suffer 20 years of this
kind of transmutstion effect, the protabllity per generation
pér person may be estimated at about 6x10““°

Lelpunskysll) Pauling(la) and Totter, ot 31(13) have estimated
the possible biologlical hazard to man due to the transmutation
effect of carbon~l&4 from nuclear weapons testing., Since the
ratio of mutation over transmutation of carbon=l4 in DHA ig
not exactly known with man, the exect estimatlon of the ~enetic
hazard due to transmutation effect seems to be difficult,

However, if we mssume the ratio of mutsztion over transmutation
to be unity, the trensmutation effect may not be considered )
negligidvle, although the addition of 148 Xg of carboun-14 corre-
sponding to 20 megaton TNT equivalent nuclear detonstion estimated
in the above would mearn only an additicn of roughly sbout 0.2% to
the total carbop-ls reservoir.
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3, Gross activity of Fission Products

The nuclear fissien %%%%i%%%%%ﬁm is known to teke place in
more than 40 different ways producing over 80 differemt nuclides.
The fission yield curve against mess number is slightly displaced
towards higher mass number for uranium-238 than for urenium-235,
The primary nuclideg, containing neutrons in excess usually,
undergo a few beta decays sometimes accompanied by gamma rays
t0 become stable nuclides,

Therefore, in the fission products, about 100 different
radiocactive nuclides with greatly different half-lives are mixed.
Although the decay rate for such a complex mixture may be obtained
as the sum of the exponentlisl decay rates for each radiocactive
nuclides, the composite decay rate is known, according to Way and
Wignersl4 to follow approximately the following simple law.

I= Aot-a ( 3)

where t is the time after nuclear fission, A, & constant and the
theoretical value of a is 1,2.

According to Hunter and Ballousl5) the value of ¢ for the
fission produects of uranium 235 may change somewhat with the time
after fission as shown in the following.

Ayy = 2.8 x 10670891 uingt <30 nin)  (a)
Mgy = 507 x 100711130 mingt < 1 aay)  (5)
Aggy = 1.56 x 10%7125(1 day < t < 4 days) (6)
Ay = 2.4 x 1035=1:03(,, days & t < 100 days) (7)
Acgy = 2.16 x 10%71°%(100 days £ t <3 yr) (8)
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where A(t) is the number of disintegrations per minute (dpm)
of the fission products per lO fissions at t=0 and ¢t is the time
in nminutes after instant of fission. The actual total activity
at t=0 1s computed to be 4.4x104 dpm. Judging from this figure,
2.6:1027 fissions may be estimated to correspond to about
5.2:1015 curies at t=0,

However, for the epproximate estimation, the rate of emission
of gamma ray photons I, and that of beta particles IB per second
per fission may be expressed by the following equations.

I, = 1687102 (9)
Ig = 3,26 12 (10)

where t is the time in seconds after fission and the above ex-
presgions may be spproximately valid from about 10 seconds after
fission with the average limit of error less than a fator of
atout twe or three in most cases,

If we express the time t after fission in unit of minutes
and I7 and I3 in unit of dpm, we may have the following expressions
per 10% fissions. '

I, =7x 105412 (11)
Ip =14 x 109¢~1e2 (12)

The comparison with the values estimated by Way and ¥Wigner and
the curves given by Hunter and Balluu(ls) for .'LO4 fissiona ofU235
is shown in Fig.5,

(?1805)
The average energy of beta rays is about 0.4 Mev and that of gamma
0,7Mev. The rate of emission energy in unit of Mev per second
per fission for beta and'gamma rays may be given on a rough
approximation by the following expressions,
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B, = 1,367 2+2 (13)
By = Lat™1e2 (14)
Por 1,000 Kg of fission products correspondinzg to 2.6x1027

fissions or 20 megatons TNT equivalent nuclear detonation, the
totul ganma and beta activities may be expressed by the following

equations,
For gsmuma activity,
I, (aps) = 4,2x1027¢ 2 (15)
I; (curtes) = 1.1x10+ 7412 (:6)
For beta activity,
1, (aps) = fox10° 75102 7
I‘3 (curies) = Q-QXlOl?t_l.E (is)

where t is Lhe time in seconds after flssicon, and the sabove
eauation may bte approximately valid from sbout 10 seconds afbrer

fission.
For gomma activity,
I, (dpm) = 13 x 1024 =12 (1y)
I, (curies) = 6 x 10%Pg=1.2 (20)
For beta activity,
I (apm) = 26 x 102412 (21)
I, (curies) = 12 x 1017712 (22)

where t is the time 1n hours after fission,
If we express the tine $ after fission in unit of days,
I, = 1.5 x 10t1g=1e2 (22)

I, = 2.6 x 1081712 (2u)

g
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From the sbove equations, the total activity of the fission
products due to the fission of about 1,000 Eg of uranium-238
may be estimated Lo be about 2.6x10%° curies at one weok, 4.5 x
109 curies st one month and l.2x109 curies &t three months after
the nuclear fiseion, If we assume. that the total activity estimated
i{n the above wers distributed uniformly over the earth's surface
-of about 5x1014 m?, the specific activity per unit ares mzy be
estimated to be about 5.1x10.5c/m ‘at one week, about 8.8x10"Cc/n®
at one month and about z.ixlo'ec/m2 at vhres months,

4. External Gumma Dose

The gamma reay activity of fission products at ¢ hours after
fisaion 1s glven by the expression(20) to bve 6210257142 o
20 megaton equibalent nuclear detonation, If we assume the fission
products were uniformly distributed over the earth's surface of
about 5x1014 m?, the aspecific gamma activity per unit area may
be estimated to be about 0,012 t'l'zc/m o If we assume the gamma
activity of fimsion products were uniformly deposited over a plane
surface in the area large enough a8 compared with the mean free
path of gauma ray photons with the specific zamma activity of one
curlie per sguare meter, the dose rate recelved at a height of aboutb
one meter above the surface may be estimated to be about 8.3 rad
per hour. Therefore the dose rate for the global uniform deposition
of fission products at t hours after 20 megaton equivalent fission
may be given by 0.11:.1'2 rad per hour. Using this relation, the
total dose received from the time t, to t, after detonation may
be estinated by the following equation.

t
D“‘n"tz) =Lz 0.1 + 2 dt Tad (25)

D(h -tH)= 0 & \"t'c‘az— 2~0'2) Yad (26)
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The infinity dose from the timevtl after fission may be
estimated approximately by putting tz -~ 6 In the above equation.

D = 0,5¢,70%2 (27)
If we assume in general the specific surface activity at the

time t after fission to be expressed by

I=at" (28)
where A, and « are constznts, the total dose received for an
exposure from time tl to t2 may be gilven by

6 ~th
Dt > ta) =L2&Aot dt (29)

where k is the dose rate for the deposition of unit specific

surface activity., If we assume k is also a constant, the
rquation {29) may be expressed zs

Pl ty) = fﬁ° &=+ [1- (_g_)ow] (30)

The infinity dose from the time tl to the time t2 which is very
large compared to t; 30 that (tl/ta)a-l (ayl) is smell compared
to unity may be given by

¥4

D = —m—ﬁqra _. tll -« (%)

In this case, if the specific surfsce asctivity I £) at u.e
time t, after detonation is known, A in equation (31) 1
may be given by

Ao = I(tl) 5" (32)
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Substituting A, of equation (32) into equation (30), we may obtain,

-ﬁl(g u~l
D(t‘t") t)= t‘ [1 J (33)
Therefore the infinity dose from the time %, %o infity may be
given by
D= —';éalihl“ t
ol —| (z4)

where k 1s the doze rate from unit specific surface activity
and I(tl) the specific surface activity at the time tl after
nuclear-detonation,

In case of the duse due to peane rays from the uniform
deposition of fission products with a=l,2, the Jdose rate k at a
height of about one meter may be estimated to be atout 8.3 rad per
hour corresponding to the specific activity of 1L c/ma. Therefore,
substituting these values into equation (33), we may obsain,

2
DCt.ﬁaF‘FZIC["(%)O ] (35)

whereI 1s the specific gamma ackivity (c/ma) at the time t,

after fission and tl and t2 sre expressed in unit of hours after
nuclear detonation. The infinity dose D of the equation (35) may
be expressed by the following equatioéon in this case,

D = 42 (Iuty) rad (36)

where D is the infinity dose from the time tl hours after fission
and X 4~he specific gamma activity per unit area expressed in unit
of c/h at the time Ty

Using the above relations snd assuming the gamma activity to
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be roughly about one half of the beta dgetivity, the infinity gamma
dose may be estlmsted roughly about 180 mrad at 1 week, 131 mrad

at 1 month and 105 mrad at 3 months for the uniform deposition of

20 megaton TNT equivalent fission products over the earth's surface,
while the 30 year dose roughly about at 140 mrad at 1 week, 90 mrad at

1l nmonth and &4 mrad at 3 mgigss after the nuclear detonation,
According to R.B.lapp, the principal contributors to gamma

dosage within the first year are 354 W92 s 654 Zr95 404 Ru

and 33d Cet*! with 1 yr Rut©® ana 2854 el predominating
thereafter. Ten years after the detonation the gasmma activity

%11l be dominated by 28yr 05157.' Therefore, in order to obtain more
accurste estimates of the gamme dosage ror,tl longer than sbout

2 year, the estimation should be done based upon more accurate
results of the radiochemical analysis of the fallout, but an orxder
of megnitude estimation may be possible with the above method

especially for a relatively small walue of tl.

5. Rate of Fallout
The rate of deposition per unit area per day (R) mey be

approximated by

R = kq —Eﬂi)e‘k” K = L2693 (37)
where the total activity I(t) at t days arte: fisslion i3 eesumed
to be uniformly spread over the ares A, and k is the fraction
deposited on the ground per day, Ta the half elimination time in
days from the atmosphere snd g the fraction of total amctivity
injected into the atmosphere.

The value of ke~ -kt mey de estimated to bve 9.5110"‘ at one week,
9.2!10 at one month and 8.7210 at three months for the strato-
Pherle fellout with the half eliminstion time of about two years,
and 1,95x10™2 at one week, 1.15x102 at one month, and 2.8x10™>
et thres months for the tropospheric fmllout with the half
elimination time of about one month, Assuming the expreeszion (24)
for I(yy in equation (37), the rate of depssition of beta astivity
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of zross fission products per unit area per day may _be estimated
to e as follows,

Assuming q = 1/2 and A = leola’ n® for stratospheric fallout,
At 1 week,

Rg = 2.4 x 107° c/a® -~ aay (38)
or

By = 5S4 x 10% apn/w? - day (39)
At 1 month,

RB =4 x 10~ c/m2 - day (40)
or :

By = 8.9 x 10 dpu/a® - day \#1)
At 3 months,

Rg = 1 x 107 o/ -dny (42)
or

Bﬂ = 2,2 x 107 dpm/m2 - day (43)

Assuning q = 1/4 and A = 2.5::.'!.011+ m2 the total srea of Northern
Henmisphere for tropospheric fallout,

At 1 week,
Rﬁ -5 x 1077 ¢/n° - day (as)
or R‘3 = 1,1 x 108 dpm/mz- day (45)
At 1 month,
Ry = 5.2 x 1070 o/a? - dey (46)
or
Ry = 1,2 x 10° dpm/o® - day (47)
At 3 months,
Ry = 3.2 x 1079 o/n? - aay (48)
or
By = 7.1 x 10° dpa/m® - day (49)
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Assuming 10% for the counting efficiency of beta ray and about

10 mm of rain fall, we may obtain the following order of cegnitude
estimates of the beta activity of the gross fission products
corresponding to about 20 megaion equzvalent fission of about
1,000 Eg of Ua’ « About 1. 2x105 cpm/m - day or roughly about lO“
cpm/1l at one week, aboub l.3xlo4 cp:z/'m2 - day or roughly about

lO5 cpm/l at cne month, and about 9.2x10° cpm/m” - day or roughly
atout 102 cpn/l at three months after fission,

In case of the 20 kiloton equivalent slow neutron fission of
about 1 Kg of U255 or Pu25 , if we assume that all the activity
were uniformly distributed over the Northern Hemisphere with the
area of about 2,5x10%*n® with the half elimination time of about
one meonth, thé rate of deposition of beta acrivity per unlt arca
per day may be eotimated to be about 4.4x105 dpm/m - day at 1 week,
about 4. 6x102 dnn/m -~ day at 1 month and 25 apm/m - day &t %
months.

However the actual amount of precipitstion mey depend to a
large extent on the type of nuclear detonation and the various
metaorological conditions and the amount of rainfall, The
composition of vorious radloactive nuclides seems to be &ifferent
depending on the type of nuclear detonation and the condition at
the time of detonmtion, Besidez, some process of sorting or
fractlionation of nuclides seems to occur durlng trapsportation of
activity from the site of detonation to the distsnt site of
sampling, Oftentimes we have obsorved diffterent decay rate of
the gross actlvity of the samples collected in the suburb and
in the urbon lndustriasl area, possibly because of the different
chemnical composition of the ralnwster,

Of the varicus fission products produced at the time of nuclear
detonation, the estimated yleld of some of the radioactive nuclides
which may b2 considered important frem the heslth physies point
of view are given in Table 1,
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(Table 1)
If we assume l.8x106 curieg of Srgo and 3.5 x 106 curlies
of 03157 correspording to 20 megaton THT equivalent fast neutron
fisgion of about 1,000 Eg of U238 wexe uniformly distributed over
the oarth's surface of about 5x10 kmg, the specific activity of
90 and 03137 per unit srea may be estlmated at about 5 6 mc/km
Or 346 mpc/me of 5r°° and 7.0 mc/km or 7.0 mpc/m of Cs 57

. Np259 ana U227

Beaides the fission products, several different radiomctive
nuclides mey be produced by the capture of neutrons at the time
of nuclear de1onatioé.) Of these nuclides, neptunium-2%9 and
uraniun-237 which may be produced at the time of the fast neutron
fissi>n of uranium-238 asy contribute considerably to the gross
bete activity during the period up tc about one and a half month
after the nuclear detonation,

The neptunium-239 may be produced by the followlng reaction,

238 i 239 ﬁ 239 /3 2?‘] o
t 4& 3
U —p U 23, FM ?N 233d ?4 2'%10? (50)

Although uraniun-2%9 may be produced first by the intense neutron
bombardment of uranium-238, it may be expected +to decay out
alnost completely before reaching Japan,

Assuning that one atom of.Np259 may produced per fission, the
toutal activity of Np239 corresponding to the fast neutron fission
of 1,000 Eg of uranium=238 may be estimated at about 2.4x10%1
curies, Since Meptunium-239 decays, exponentially while the gross
activity of fission products may decrease according to & =1.2 law,
the ratio of the beta activity of Np239 to that of fission products
nay be glven by

“kt .tloa

T) = ke (51)
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Table 1 ; Fission vyield per 100 fissions
23% 238 239
Half—li"e U u Pu
thermal 14 MeV fast thermal fast
St | 5054 | 474 4.5 2.9 1.9
S q0
38 >f 28 y 5.17 4.5 3.2 2.3 2.2
531‘3! g.06d) 3.1 4.3 3.2 3.8
137 | 27y, 28
SSCS 30; Y 6.15 5,7 6.2 5.24 6.6
144
5BCe: 282 d 6.0 3.3 4.9 5.29
=
> o 1. 07 1.26 1.43 2.3 3.0




where K 1s a constant and t in unit of days,
Differentiating the above eguation with respect to 4,
we may obbtain

—Sr— . g;002 oM (1,2 - At) (52)

where t is the time in days afﬁer figsion, A = -gf%%i*/day and
1
K = -g:%ﬁ%gu + Since —%%~ = 0 at meximum yc.y, the time to give

a maximum in the sbove ratio of the beta activity may be given by

t.+2. | (53)

From the above equation, the activity of §p22? relative -
to that of the fission products may be cstimated to reach a
maximum at about 4 days after detonation, amounting to as much
as about 60% of the total beta activity. The total activity
of Pu259 corresponding to 2.4:1011 curies of Np239 nay be estimated
at about 6.4x104 curies, If we assume this amocunt of Pu239 were
uniformly distributed over the earth's surface of about 5x1014 m2
the specific activity of Pu239 per unlt arez may be estimated to
be about 128 puc/mz or 128 pc/kme.

The uranium=237 may be formed according to the followins
reaction,

9207 + a5 2gnt 4+ 0P (54)

Judging from the relstive percentage of the activity ye3?
detected in the Bikini ash, it may be estimated that roughly
gbout one atom of 0257 might be formed per tem fission of uranium-238
Based upon this assumption, the total sctivity of uranium-237 .

per fast neutron fission of 1,000 Eg uranium=-238 may be estimated

at about 1.7x10* curies, Substituting A = ]
L7



into equation (52), the activity of 1237 pelative to that of the
fission products may be estimated to reach a maximum at about
11,6 days after detonation, amounting to as much as about 50%
of the total activity.
If we assuue Hp259 and 0237 would contribute appreciably
to the gross beta activity, the total besta activity as & function
of the time ¢ in days after detonation may be expressed by the follcvi~
ing equation.

Ay =26 x 108t t=1e2 , o4 x 10 o~ T2 b

+1.7x100 6 '9'%'?%5 b (55)

The total beta activity represented by the above equation is
shown in Fig.e.. As can be seen in the figure, the total beta ac-
tivity mey be approximated in this case by the following
equation during the ﬁeriod from 2 few days to sbout 30 days after
the nuclear detonation.

AmatTled

where Ao 1s a constant and t the time after detonation.

(Ry 6)
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III Discussion and Summery

In this paper some of the preliminary findings on the
radicasctive fallout due to nuclear testings dufing the period
from March 1Y54 to the first half of 1955 are introduced, In order
to check whether such a high radiocactlve fallout as observed
durinz the period following a series of nuclear testings in Bikini
in 1954, an order of magnitude estimation was made assuming the
nuclear detonation to be of fisgion=fuaion=fission type. 4Although
in the above estimation a uniform distribution of tropospheric
fallout over the entire surface of the northern hemlisphere is
assumed, the tropospheric fallout may occur in a belt-like pettern
arcund the world starting from the site of nucleaxr detonation,
Therefore, a stroag radicactive fallout highar by one order of
parnitude or more than the atove estimates may be expected in gsome
cases depénding on the variocus metcorological conditions, In the
case of stratospheric fallout, a2 difference in the radioective
fallout by a factor of about three may be expecfed dependling on the
position of Jet stream srove Japan, Usually a higher rate of
redicective fallout is obseb%ed a2t the central part of Japan w~hen
the Jjet stream is above the southern part of Japan. The fallout
rate is estimated to be higher cn the averasge by a factor of about
three in the belt-=like regzion arcund the earth between about
N.30° and N.50° in the nortkhern hemisphere. In Japan, at the Japan
Sea side of the Japan mainland where more rainfall is ususlly:
observed the annual fallout rate is estimated to be two to three
times higher than at the Pacific side.

Judping from these and other various meteorologlcal factors,
it would not be surprising to expect a radicactive fallout 10 -
100 times stronger than the estimates based upon the above order
of magnitude estimation. The degree of radicactive fallout may
also be cousidersbly different locally depending upon the local
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meteorologicsl conditions and the amount of rainfall, In some
extreme cases we have observed during the initial period of
preliminary observation a large difference of radiocactivity in the
rainwater collet¢ted at two different side of the building, W¥hen

a strong wind 1s blowing from one direction the initial highly
radiocactive rainfall 1s collected fully on one side of the building

facing the wind, while not even a drop on the other side.
Following the unusally highly radicsctive rainfszll in the middle

of Moy 1954 in Gsaka - Kyoto_district we have caught a frog in the
rice field in the suthern suburb of Osaka and examined for the
radioactive contamination of the internal orgasmns, In Fig.7, the
results of the examination are shorm in unit of ¢pm/g which is
the gross beta activity detected excluding the potassium activity,

Since a considerable number of people on the rainwater in the{ 7)
isolzted small island and in the mountain district, in order %o
see what level of grossactivity would be permissible for drinking
water the suthor tried to estimate the total activity of mejor
nuclides which may be considered most important from the heslth
physies point of view and the fraction of those activities of
individual nuclides to the gross bdeta activity of fission products
assuming the fission yield of the fast neutron fission of 0238
as given in Table 1.

The results of these @eatimations are given in Table 2 and 3,
The total activities in these tables were computed for the 20
megaton equivalent fission of 0258. In Table 4 the maximum
permissible daily intakes of mejor nuclides are estimated based
upon the occupational maxinum pernissible concentration of drinking
water given in ICRP (1958)( assuming the amount of water taken
per day to be about 2,2 litres on the average.

(Table, 2)
(Toble, 3)

(Toble, 4)
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Teble 2 3 Total =eotivity cor-espondins to 20 mematon

equivalent fission of yes8

-96-~

Nuclide Activity 1w im 3m 1yr
sr®9 5.3 x 106 3 x 105 2.2 x 108 9.6 x 10% 2.2 x 105
_ (1.0) (0.9) (0.66) (0.29) (6.6x1072)
A 1.8 x 10% 1.8 x 10% 1.8 x 10% 1.8 x 10%  1.76 x 105
(1.0) (~1.0) (~ 1,0) (0.99) (0.976)
1331 2.3 x 10% 1.3 x 10% 1.8 x 10% 1.1 x 1% 6 x 105
(1.0) (0.55) (7.7 ¥ 1072)  (4.5x107%)  (2.5x10"1%)
cs157 3.5 x 10% 3.5 x 10°% 3.5 x 10%  %.5 x 1%  (3.51 x 10%)
(1.0) (~1.0) (~1.0) (0.99) (0.976)
Celq4 9.8 ¥ lO7c 9.8 x 1070 §.1 x 1070 7.8 x 1070 4 x lO7c

(1.0) (~1.0) (0.93) (0.8) (0,41)




Table 3;

Fraction to =zross bheta activity of fission oroductions

mixture
Nuclide d 1w 1m 3 m lyr
F.P.0 6.9 x 101% 2.6 x 10%% 4.5 x 10% 1.2 x 10% 2.2 x 108
sr8? 4.8 x 1072 1.2 x 1072 *u9x 1072  *gx 1072 %31.0 x 1072
sp20 2.6 x 1072 6.9 x 1072 4 x 1074 1.5 x 1072 *g x 1070
131 2.3 x 1072 K5 x 1072 %4 x 1077 9.2 x 1074 2.7 x 1013
csl3? 5.1 x 1072 1.35 x 1074 7.8 x 1074 2.9 x 1072 *1.55 x 1072
cel4# 1.4 x 1072 3.8 x 1077 2 x 1072 %c.5 x 1072 *1.8 x 107%




Table 4 ; ICRP (1958)
Effective Critical gaxiximmibl ( M,P,C )w Daily
Nuelide ermiss e
(ue) We/oc (po)
8r89 50.4 & bone 4 1074 2.2 x 107}
- 6.4 x 107 @ bone 2 1076 2,2 x 1073
¢ an 7.64 | 'thyrold 0.7 2x107 | 4,4 x 1072
csl3? 70 a whole body 30 2x 10% | 4.4 x20°!
Yy =1
seltt | G.I. 10 2.2 x 10
243 4 bone 5 8x 1072 | 1,7 x 102
' -3 .
2,33 4 bone 30 30 6.6 x 10%




As can be seen in these tables, the most important nuclide
from the health physics point of view in the radioactive
contamination at sbout one week after the nuclear detonation
may be assumed to be the radioactive iodine 11’1 which may de
estimated to exist in a few percent of the gross beta activity of
fission products during the period from a few days to about omne
month after the nuclear fission of 0238.

During the initial period following the nuclear detonation
the relative percentage of such induced activities as H9259 or
ue>? mey be higher than that ¢f the radicactive ilodine, but bdecauss
0f the lower maximum permissible concentration of the radiosetive
iodine which concentrate in thyroid 1131 may still be considered
the most critical nuclide, At sbout three months Sr9° and Cel““
msy be considered critical, With the lapse of time:the groas
activity of the fission products mixture mey decreass greatly
and at one year the contribution of I*3t to the groass sctivity
may be considered negligible, but the relative importance of such
long lived fisslon product as 8r9° and 03137 nay gradually
increase, Assuming 1151 to be the only critical nuclide &t about
one week, the gross beta activity of fissiocn products mixture
corresponding to the occupational maximum permissible concentratien
of 1131 may be estimated to be about 400 puc/ce and even if we
sasume the contribution of such indused setivities as Ep239 and
0237 with relatively short half lives to be about 60% of the
total activity it may be estimated at about 1,000 ppc/ce,

During the initial period following the nuclear detonation,
the relative importance of the individual nuclides other than
1231 pay be lower than I13}, but the combined effects of all
other nuclides may not be negligible, Takdng such faetors inte
consideration, it may be safer to essume about ore hundredth of
the above value or 4 - 10 upc/ce as the permissible concentration
of gross activity of the mixture of deta and gamma smitters



we muet pay attention to such alpha emitters as Pu239 which may
be included usually in a very small percentage, Although the
permissible concentration for such a mixture of various radiosctive
nuclides should be decided after the radiochemical enalysis, it
is oftentimes impoasible to identify relative percentage of all
the nuclides as rapid and as accurate as required to caution the
pedple about the consumption of contaminsted water and food.

In such cases, because of the various unknown factors included
in the estimation, the author feels that the permissible level
for the general pecople should not be higher than lpue/cc as measured
with the gross activity during the periocd from a few days to about
one week following the nuclear detonation when we .usually observe
strongly radidactive reinfall in Osaka Japan, After the strongly
radioactive rainfall, bhe radioasctive concentration in the air is
usually observed to decrease considerably,

However, sssuming the intske of the radicactivity by inhalation
to be sbout one tenth of that by .ingestion eand the daily intake
of water to bes about 2,2 1litres, the level cof gross activity of
1 ppcfec given in the sbove mey correspond to about 2,000 puc of
daily intake of grossactivity by ingestion. In case of repeated
nuclear testings with relatively shoft intervals the relative
percentage of such critical nuclide as 31 may dbe inereased,
Taking such possibilities into consideration, it would be better
.to set as the first warning level during the initisl period the
maxinunm Permissible delly intake of grossactivity by ingestion
through water and food for general people at about 1,000 puc/day
or lower depending on the relative contribution of critical nuclides,
If the nuclear testings should be continued indefinitely for the
future, the relative contribution of such long lived and critiecal
nuclides as Srgo,'69137 and Pu239 from the slow stratospheric
fallout may be expected to increase graduslly. Therefore it seems
to be extremely importent to continue the anslysis of such long
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lived puclides in the rainwater for the future especially from
the health physics point of view,

The above level of total intake of gross activity 1,000 ppc
per day may be considered to correspond to roughly apout 100 cpm/1
for the people using the rainwater as the only source of drinking
water, assuning the major route of intake of activity to be only
the drinking water of 2.2 litres per day and the efficiency of
counting the activity to be adout 10%.

However, in case the extremely highly radicactive rain should
fall all err the entire country, there may be the possibility
that the above level might be exceeded everywhere simultaneously.
Preparing for such an emergency situation it would be advisable
to set several different stages of warfiing levels of radioactive
conéaminatiqn for the people and t0o try to have the general public
understand the meaning and significance of those levels during the
norﬁal time prior to the arrival of such an emergency.

" Prom what is discussed in the above, even at this day it may
be said definitely for the general public that the rainwater
should not bhe used as the only source of drinking water continuously
without filtering, and that it is advisable to try to avoid the
initial highly radioactive part of rainfall 1ln collecting the
rainwater for drinking end cooking purposes, if possible.

The radicactive contemination on the surface of the vegetables
by direct exposure to radioactive rain was observed to be decon-
taminated by about %0% or more by washing thoroughly with 0.1 - 1N
dilute hydrochloric acid or with the acetic acid or cipric acid
and the surface active agents such as soapless soap and the
chelating agents such as EDTA-Na, DETPA-Na or anitrilo-triacetate-
Na, With a mixed filter of bone charcoal and clay 90 - 99% of
the fission products activity was obsarved to be eliminated from the
contaminated water.
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On the Method of Estimating the Probable Time of Buclear Detonation
from the Measurements of Gross-activity

Since it has been observed in Spring of 1954 that & considerable
amount of fission products mixture fell with the rain following a
large scale nuclear detonation conducted in Bikini area in the
South Pacifis By the United Btates Atomic Energy Comission, it has
" become important, especially from the heslth physics standpoint, to
eatimate the effective average age of the fission products mixturs
after the nuclear detonation, If the energy transferred to the
atmospheric alr at the time of nuclear detonation is large enough
(order of 1 megaton at the distance of about 4000km),the probabdle
time and test site of nuclear detgnation may be estimated with
considerable accuracy, as shown in Fig,l and in Table 1, from the
records of the pressure wave ceused by the detonation in the
microbarographs at different meteorological stationssl)(2) Even
in this case, in order to estimate the possible corelation betweepn
the artiricial radioactivity observed in the rain end the probable
detonation, it is oftentimes desirable to estimate the effective
ago of the fission products mixture in the rain from the decay
measurement of the radicactivity.

(Fig.1)
(Tabie 1)

Especially if the erergy transferred to the atmospheric air
by the detonation is small and the test site is too remote, the
identification of the pressure wave caused by the gdetonation
with sufficient accuracy would be rather difficult, judging from
the sensitivity of the past method of detection. Even in such
cases, it was occasionally observed that a considerable amount
of radiocactivity fell with the rsin at remote places depending
on the meteoroclogical conditions, Therefore, it was considered
rather important to estimate the probable date of nuclear
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Table 1,

Observed results of pressure waves

(After Japan Meteorological Agency, Tolyo)

Fo. Year Probable Time pln‘;d o Periog Jure- Dest site
, mp)  (21m) (Goip)
h m
1 1954 II 28 22 07 0.3 5 30 Bikini Atoll
2 " III 26 21 22 0.2 4 30 .
3 " IV 25 21 28 0.2 4 30 "
4 " v 42129 0.2 4 30 "
5 1955 X1 22 8 08 0.1 ? 10 Near Mongol
6 1956 vV 20 21 3% 0.2 3 a0 Eniwetok
7 " v2a272113 0.2 2 80 "
8 " Vi 25 21 24 0.2 2 50 -
9 " VII 22116 0.1 1 30 .
10 r VII 8 21 13 0.3 2 40 "
11 " VII 10 21 10 0.6 5 40 .
12 » VII 20 20 59 0.5 3 55 "
.13 " VII 21 21 24 0.1 1 20 .
14 " VIII 30 10 45 0.04 2 85 SW Siberia
15 . X 17 12 45 0.2 1 20 "
16 1957 Iv 313 - 0.02 ? 10 "
17 . IV 10 11 59 0.2 2 20 "
18 " IV 16 11 01 0.1 2 30 "
19 . IX 24 14 26 0.1 1-4 20 Forth polar
region
20 ¥ L 614 29 0.3 3 30 "
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No. Year Probable Time plﬁ"ude Period B’ig:. Test site
(mb n oip)

21 1958 11 23 Bom 0.3 1 40 North pglar
region

22 " II 27 13 26 0.5 1-2 35 "

23 = 11 27 15 57 0.2 1 20 "

24 . III 14 13 30 0.1 ? 10 "

25 " III 14 14 07 0.1 ? 10 "

26 " III 21 14 25 0.2 1 30 "

27 " V12 21 35 0.1 1-3 30 Eniwetok

28 " Va6 508 0.1 1 20 u

29 " VI 10 20 46 0.1 1 20 Bikini Atoll

20 " VI 14 20 47 0.1 1 40 Eniwetok

31 n VI 14 21 35 0.2 1-3 35 "

32 » VI 27 20 51 0.2 2 20 "

33 " VI 27 21 36 0.4 2 15 "

34 it Vi 28 22 29 0.9 2-5 40 "

35 " VII 2 20 51 0.1 1 15 Bikini Atoll

36 " VII 5 21 39 0.1 1 20 Eniwetok

LY " VII 12 6 4l 0.5 2~4 40 "

38 " VII 26 23 34 0.2 1-3 40 n

3y " VIII 12 15 11 0.1 4 35 Horth polar
region

40 " IX 30 13 16 0.2 2 20 u

41 n IX 30 15 19 0.2 3 25 "

42 " X 12 13 14 0.1 3 35 "

43 " %115 13 18 0.2 3 40 i

44 i X 19 15 13 0.3 3 30 "

45 " X 20 11 49 0.1 1 15 "

46 " X 22 13 43 0.2 2 35 "

47 " X 2813 24 0.1 3 30 "

48 " X 29 1% 05 0,1 1 15 "
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detonation from the measurement of the artificial radicactivity
of the rain, in order to assess the relative hazards of the
gross activity of the rain from the health physics point of view,
In this paper, variocus methods of estimation of the probable
time of nuclear detonation from the gross activity of the rain
are introduced and discussed based upon the past seven yesrs
experiences of the observatlon of the artificlal radiocactivity
of the rain by the suthor and his associates in Osaka.

(1) Method of Dating 2 nuclear detonation from the measurement
of the decsy of gross-activity in the rain or dust.

According to Way and Wigner(3 the composite radicactive
decay resulting from nuclear fission may be expreased
by the following type of power function of the time v after the
nuclear fisson.

I =A0L? (1)
vhere I 1s the activity at time v days after the nuclear fission,
Ao a theoretical constant corresponding to the activity at unit
time after fisslon, & another constant whose thecretical wvalue
has been given to be 1.2 for the m#ixture of fission products.
Bubstituting the relation v = t -t into equation (1), we may
obtain

Ies (-t 2

where t is the ¢time of measurement of gross activity, té the

time or date of the nuclezar fission, Ac¢cording to our past
experiences somewhat different values of &« were obtained even
with the szme sample depending on the degree ¢f absorption of
radiation by a layer between the source and the counter or by the
counter window itself, Although the value of & was obmerved to
vary from 0.8 to 1.Y depending on various factors such#gguthe
method of detection, possible sorting or fractionationYiuclides
at the time of sampling or during natural ¢transportation from the
detonation site to the place of sampling or the type of nuclear
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detonation, meteorologlical conditions and others, the above relation
was observed to hold approximately with our method of detection for
the period from a few days to about 30 - %0 days after nuclear
detonation with a constant value of ¢ even in case when such
nuclides as 0257 or Np259 are inciuded besides the ordinary figsion
productas in the radioactive dust,

From about 50 - 60 days to about 200 - 300 days after the
nuclear detonation the gbove relation may still be assumed to hold
approximstely, but with somewhat different constant value of &
which is oftentimes observed to be smaller than the initiasl walue
of « in case the initial value of « is larger than 1,2,

This may probably dus to the decaying out of such nuclides with
relatively short half-lives as uranium=-237,: neptinium~239 and
other transuranium elements or some other lnduced radicactivity
of relatively short half-lives which might have been produced

at the time of nuclear detonation but may not be considered so
called ordinary fission products. When an appreciabls amountd

of U237 or Np259 was detected in the rain besides the ordinary
fission products, the apparent walue of « during the initial
pericd of a few days to sbout 3C days was ugually observed to be
larger than 1,2,

In view of these findings, various methode of dating the
nuclear detonations described in the below have been derived,
assuming, a priori, that the Way-Wigner relaticn holds for the
composite radicactivity resulting.from nuclear detornations or
even from what is usually called H-bomb tests,

The value of a may be expected to vary depending om the type of
nuclear detonation and other factors as mentioned above,
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Method (I)
Assuning the Way~Wigner relation as expressed dy the equation
(1) or (2), we may obtain the following relations

I, = L; (5, - )™ | (3
I, =4, (65 ~ 07 ' ()
Iy = Ay (b5 =t e (5)

where I,, I, and I are the activeties measured st the times
t1s $5 and t5, and ¢, is the time of nuclear detonation.

If we could obtain t,, t, and tx corresponding to the
following relation by either the direct measurement or by the
extrapolation or interpolation of the decsy curve of the
gross=-activity,

I I
1 2 -
-3 * R (6)
Ir 3
the following relation holds,
28
Im =11 I3 (7)

where R can be eny constant arbitrarifly chosen,
Substituting the relations (3) = (5) into (7), we may obtain

(te-t)2¥_(t1-t)(t - t,) (8)

Solving the above eguation with respect to to, we obtain the
probable time of detonation t, as a function of t,, t,, and t3

L W Tl (9)
o o+ t5 - 2t2

When t, is estimated, the corresponding value of &« may be
eagily obtained from the relations (3) - (5), However,
considering the relation (6), o may be expressed by the following
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equation as a function of t;, t,, ts and R,
a=lnR/1n(_§_L-_t_2_> (10)
2~ %

With this method, somewhat different values of T, and ¢ may
be obtained from a different set of triplet t's corresponding
to the relation (6).

Therefore, it seems to be safer to estimate the meen values of to
and « by treating statistically different wvalues of to and «
obtained from the different sets of t's extrapolated wr—intoessiseted
or interpolated corresponding to the relation (6) from a series

of measurements of gross-activity for a proper time interval.

In case the most probable estimate of to is first obtained
from the above method, or if t, is known previously, the following
analytical method may be used to estimate the most probable values
of « and Ao'

Assuming to is known, for the sets of measurements (Il' tl),

(121 tz).----*, (Ii' ti), ----- , (In, tn), since we may obtain
from the Way-Wigner relation the following relation,

1n Iy =lnA - dln ( ty =t J (11>
y
the experimental error may be expresesed by

M2
5=% [ln I; ~ln A  + aln Li]‘ {12)
where vy o= ti --te and 1 = 1,2,~~=—-=, n,
8ince S may be considered to invelve the errors in estimating
o and A, , the following condition may be satisfiled for minfmum
error in « and A,.

9S 28 _
7x -7, A ° (13)

Bolving the above equations with respect to « and Ao, we
may obtain,
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>.(in I,0X (n Li) - n¥(ln I,){1n Li)
nZ(ln ‘Li)2 - E?_Iln Li)'?

()

A, = exp[)'_'_(ln I,)} (1n Li)z -5 I)(n v, )3 (1n v,) ‘}

n3 (In Li)a ~(£in 1,1]2 (15)

/
where Ly o= ti - bo‘

In case the most probable estimate of « is first known,
since we may obtain from the Way-Wigner relation the following

expression
e - ot

34 [+
9] = Ag ( 84= t5) (16)

the experimental error may be expressed by
-2 2
L s “Ziyi -4, " (% =5, )‘X {17)
where ¥y o= Ii. « corresponding to ¢, and 1 = 1, 2, s TN

For minimum error in ¢  and Ao, the fellowing condition may ve
gatisfied,

25 25 |
a_éo—o 2,40"‘0 (16)

Solving the above equations with respect %o t0 and Ac'

we may obtain

2Ty 7% =nyy by (19)
2 - (t )2 @
s, = ( ti) n 4 (20)
Yy % -0 HY
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2
where y, = 1,%and I, is the sctivity at time L

Method (IX)
This méthod may be conaidered a modified method of Method (I).

Assumong the Way-Wigner relation, we may obtain the following
relation.

- 1

Ia=a (t-45)"" (21)
- 2

I-2a1 =4 (t+45-5)" (22)

Dividing the equation (22) by the equation (21), we may eliminate
the constant A and obtain

a t + AC - t
-._l___j (23)
I - Al t - t

Subtracting unity from both sides of the above equatvion,

-t

-lz——i‘_ (24)
I-a1 t -t

If we obtain the value of At corresponding to a constaant

value of A or a constant ratio of the activity R by extrapolation
or interpolation from a series of measurements, the left side of
the above eguation will be a constant K, i, e.

-
S S\
(I-AI -1 =K (25)
where
—te o
T - ar 2 (26)

is a constant arbitrarily chosen as in the relation (6) in the
Method (I). Substituting the constant K of equation {25) into
equation {24), and rearranglng, we may obtain
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At = K (t = %) (27)

Since the equation (27) involves only two unknown colstants

ts and K, if we obtain two or more sets of corresponding values
of t and At, we may easily estimate the value of to and K or «
as described in Method (I),

Yamazaki andg Kaneko(q) used a graphicel method in estimating the
value of t, and K or a. Assuming %, 2nd K are constants, in
equation (27), the relation between t and At will be linear,
therefore by plotting At's against t estimated from a smothed
out decay curve corresponding to the condition (26), a straigth
line may be obtained. By extrapolating this straigpt line to a
point corresponding to At = 0 we may obtain the value of to and
from the slope of the line the value of K may be estimated,

When the value of K is estimated, the corresponding value of

o may be obtained from the relations (25) and (26) since the
ratio of the activity R is en arbltrarily chosen known constant.
Therefore, o M3y be given by

« = 1ln R/1n (1 + K) (28)

However, with this graphical method the error in the estimation
of t, will be large because a slight difference in the slope of
the straight line drawn by sight will give a considerably different
value of to at the time of extrapolation and the author found it
oftentimes rather difficult to estimate to and a more objectively
without any previous knowledge sbout the probable time of nuclear
detonation. Therefore, the author has been trying to estimate t,
and o more objectively with the following amalytical method and
ugsed the graphical method as a.subsidiary method to check if any
serious mistakes were made in the calculation by comparing the
graphical plot of 4t vs t and the stralght line estimated by the
anglytical method,

-115-



Assuning the relation as expressed by the eguation (27)
holds for a series of estimated values (Atl, tl), (Ata, s Ve
ey (B8, 1), =~ » (8t,, t,) corresponding to the condition
(26), the error in the estimation may be expressed by

S = Z[Ati - (%, - to)]2 (29

wlhere

-1 (20)
and

I
A
R = = conatant

1, - a1, s (4=l,2,%%vce 5) (31)

For minimum error in to end K, the following condition may be
gsatisfied.

338 35
24, "% - Sx e (32)

Solving the above equations as in the Method (I), we may obtain,

Taty 3ty - Zlat )50 38,
:, =
° PR IPN nZ_(Ati)(ti) (53_)
‘. PRIPEN = n2(at,) (%) (34")

(£%,)° = nZ(t,)?
Bince K= R =~ 1, « may be expressed as
24864 2ty ~ nJ (at,) (t,) ]
(Z8)% - X (2,)? (35) .

a-lnR/ln[ld»

1 .
where R = —T-—:LZT- i8 a constant, corresponding to which
Ati should bé esti&abed from the experimental decay curve.

Method (III)
With the foregoing methods, we have to estimate the time corre-
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sponding to g reduction of gress-—activity by a certain constant
ratio as indicated by the condition (6) or (26). Since it is
rather difficult to obtain the corresponding time by the direct
measurement with the ordinary equipment, we may oftentimes have
to estimate the time Dy extrapolation or interpolaticn from the
smoothed out decay curve, However, since the time interval
between the measurements can be arbltrarily chosen and the
correspornding rste of decrease of radicactivity may be obtalned
from the direct measurement, the author tried to develop a method
with which the wvalues of to and a may be estimated from the rate
of decrease of gross-activity corresponding to & certsin constant
ratio of time interval between the measurements of activity,

Assuning the Way-Wigner relation, we have the following
relations for a set of triplet observed values (I, t), (Il, t + At),
(I, t + kat)

I=a, (t-t)" (36)
I, =I-4I =4, (t+at-t )" (37)

1
I, =I1-4L =4 (t+key -t )" (ze)
where I, Il and Ik are the activities corresponding to the time
of measurements t, t + 4t, and t + kit, and t, the time or dste
of nuclear detonation,
Dividing the equation (37) by the equation (36) and subtracting

unity from both sides of the equation, we may obtain

e
H—)“ -1 . b (39)
Il t - t°

Similarly, dividing the equation (38) by the equation (36)
and subtracting unity from both sides of the equation, we may
obtain S

AN SRR .\
Iy ) t -3, (40)
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Dividing the equatian’(ao) by the equation (39), we have

T L
= \X
( Iﬁ) -1
(15 =k (a1)
1,/ 1 .
Since.-%— and —%— and k can be obtained from the direct measurements
1 k

and X is an arbitrarily choSen constant prior to measurenments,
& may be estimated from the equation (41). When « is estimated,
the corresponding value of to can be estimated either from
equation (39) or from equetion (40), since all other varisables
except to in these eguations are known,

However, 1t is not always very easy to estimate the value
of o from the equation (41). Therefore, the author attempted
to obtain the approximate estimation of « from the chart as
shown in Fig. 5 or Fig. © which was constructed according toc the
following equation corresponding to the equation (41),
where X = -l~fand I= -%;.

._Y__;:__:L . x (42)
1

The value of k can be any constant theoretically, but for
the convenience of estimation the chart in Pig.2 ®as  compauted
for k = 2, and that in Pig, 3 for k = 3. Therefore if we failed
to measure the activity at the time ecorresponding to k = 2 or
kK = 3, we may have to estimate first the corresponding activities
from the decay curve in order to use the above charts, otherwise
We may have to estimete « directly from the equation (41).

The numerical values, based on which the charts in Fig,2 or 3
were constructed, are given in Tables 2 and 3. As can be seen
(Pig.2)
(?1803)
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Table 2 ZY::[I—!-Z(X%— ‘)]d

1,05

.7

/13

1.4

’5

7.8

1.7 1.8 79 2.0

o.5 10977 (14916 1371 |1.543 1709 (1871 |2,03 |2./87 |2.34 2,495 |2.692
0.6 |r.0984|s1042 |1.38 |1.556 |1.73¢ |1.905 |2.078 |2.243 |2409 (2573 |2735
0.7 |r.092 11965 |1.388 |,592 |1.755 |1.935 |2/7s5 |2.291 | 246 2.64 |=81
0.8 |1.0994 (11976 |1.993 | 1584 (1772 |1.96 |2./48 | 2335|258 |27 2,88/
0.9 |1.0996 |1./99 |1397 |1.593 |,.785 |1.984 |2/74 | 2366 | 2561 |2.751 | 2.94/
7.0 |4t .2 /.4 N 1.8 2.0 2.2 2.4 2.6 2.8 3.0

/0 11002 |1,2009 | 1.402 (1.606 |1.809 |2.008 |2.22 2428|2635 | 2.842 3.044
1.2 11005 |1.2015 | 1,405 |1.612 |s.821 2029 | 2,24 | 245 |2665 |288 | 3.09
7.3 |1.1004 |1.202] | ,.408 |1.616 |1.83 |2039 |2.255}2:471 | 2697 | 2.9/5 | 344

74 |1.1005 | 1.2025 |41 | 1.621 |1.836 |2053 |Z 271 | 2498 | 2729 | 2946 | 3475
1.5 |nr1006 11,2032 1411 |1.625 |;.842 |2,061 |2.288| 2513 | 2143 | 2972} 3.z05
2.6 |0.1007 |4, 2095|1414 |1.628 |1.849 | 207 |2302 | 253 | 2765 | 2999 | 3.24
7.7 11009 | 1.2039 | 1.415 | 1.632 | 1,854 | 2.079 |2.311 | 2544 | 2785 | 3.028| 3.265
/.8 |r1100 [1.2081 |1 416 |1.635 186/ | 2088 |2.32/ | 2.56 | 2799 | 3.043| B.2¢
2.9 |r1o11 | 1.2084 ) 1,417 |1.637 | 1,864 | 2,095 | 2,33 | 2571 | 2818 | 3.067| 3.32
2.0 111002 | £, 2049 1. 418 | 1.639 | 1.865 | 2099 | 2.34/ | 2,585 | 283 | 3.085| 3.342
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Table: 3 : Y=[1+ 'IS()(%—")J‘J|l

X ros [ 1r Jr2 | r3| e s v6 |l ra] ra| o] 20
0.5 |nra3s 1276215225 | 1952 |n97 |2079 |2381 |2.582| 2118 |2.075 | 3.16

0.6 )./456 7284 |1.545 | 1.794 |2.03 2,26 249 12708 | 2,923 | 3,742 | 3.355
0.7 2471 |1.289 {1564 1827 [ 2.08] |2.332 | 2.58 | 28322 3.064 |33 3.532
0.8 | 11484 |,.2935|/598 |1.854 | 2/28 | 2395 | 266 | 24923| 3./84 | 3441 | 3.7

0.9 |1./492),.2965 1589 | 7.88 |2¢62 | 2454 | 2,733 | 3.0/2 | 3.298 | 3.575 | 3.858
1.0 | 1/5 1.3 /.6 7.9 2.2 5 2.8 3./ 3.4 3.7 4.0

1.1 [ ,.7503),.302 |1.608 {/.9/4 | 2231 | 2845 | 2855 | 3./75 | 3449/ | 3.8! |4./35
1.2 |ns5tr (1305 | 1.6/5 | 1937 | 227 | 2,58 | 2405 | 3.2¢41 | 3.58 |3905 |4.255
1.3 | 01517 | 1.3065| 1.624 |1.948 | 2281 | 26/7 {296/ | 3.305 | 3665 | 4.015 |4.375
14 | 1152 | 1308 | 1629 | 196 |2304| 2655 |30s (3372|374 |441 |4.49

15 | 115221309 | 1.634 | 1.972 | 2.32] | 2,68/ | 3.052 | 3.423]| 3.8/ |4.2 4.594
0.6 | 11528|1.3105) .64 |/.983 | 234/ | 2.708 | 7,09 3476 3875 |4.275 |#.685
LT | 1453 (1312 |1.643 | 1995 | 2359 | 2735 | 3./26 | 3.523| 3.935 |4.359 |4.175
4.8 (115331335 | 1.6475| 2.004 | 2.318 | 2755 | 3./56 | 3.572| 3.995 4.42.\" +.868
7.9 (11534143137 | 1.651 | 2.0/ 239 [ 2,785 3.9 | 3.6/2] 4.05 | 4499 | 4.945
2.0 114537134 [1.656 | 2016 | 2,398 | 2995 | 3.222| 3654|411 |4.555]|5 04




(Table 2)

(Table 3)
in the charts and the tables, the larger the values of X and i,
the better estimation of o we may get. When the value of a is
estimated, the corresponding value of to may be obtained from the
equation (39) or (40) to be as followsj

t =t - At
0
@j%--l (23)
- to e s 2t
("%:) -1 (44)

where t 18 the time of the first measurement of the activity I,
and Ilﬂand Ik are the activities after the time interval
At and kAt from the time t of the first measurement respectively.
However, in order to facilitate the rough order of magnitude
estimation of L = t = Ty the time from the nuclear detonation to
the time of the first measurement of the activity in the triplet
set of measurements used for the estimation, another chart as
shown in Pig.4 was comnstructed based upon the following equation
corresponding to the equation (39), )

x‘% - (45)
where X = —%I and 2 = %é%o ®

When we read off Z for the corresponding values of X and «,
the time 1 of the nuclear detonation prior to the first measurement
may easily be estimated from the follewing simple relation.

A (46)
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The numerical values, based on which the chart in Fig.4 was
contructed, are given in Table 4, The ebove charts and tables
were computed for the r%ées of X from 1,05 to 2.0 and ¢ from
0.5 to 2.0 which are expetected to cover practically most of
the cases according to our past experience,

(FPig. 4)
(Table 4)

With the above method using the charts or tables, we may
estimate the values of t, and «. However, the different triplet
gset of measurements may sometimes glve a conslderably different
values of to and « especially when the statistical fluctution
of counting the sctivity is not sufficiently small.

In such cases it may be safer to try to obtain the most probable
estimates of t, and a from different triplet sets of measuremsents
extracted from a series of measurements for a sufficient length
of time,

However, in case the most probable estimate of o is obtained

e
first, we may estimate %, graphically by plotting Ii“ against
!
5y and obtaining the value of t corresponding to I{R‘ = O by

extrapolating the straight line according to the equation.
- L
L™ e = A" T (f-t,) 47)
In this case, tne same anplytical method a8 dexived by the
equations (16) = (20) in the Method (I) may be applicable in

estimating the values of Ao and to from a series of n measurements

(r;, ¢,), (4 = 1,2y ——===-y n)
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ke
Z = XF-

Table 4 -

o 105 | 1./ 1.2 1.3 1.4 .51 7.6 r7. | 1.8 | 2 2.0 .
05 losozs|ozr | o |o69 |096 |r25 | 156 | 787 | 224 {261 | 5
0.6 |00ceT 0,072 | 0.355 |0.548 | 0.757 |0.9655 | 119 /42 | 1663 |1.975 |2475
0.7 |o.o722 |o.146 | 0208 0455 |aer7 (0785 | 0957 | 1.134 |1.32 |15 169
0.8 |0.0629 |0.4265 |0,256 |0.388 10,523 |0.66 0.5 0.941 |1.085 1,25 |[1.378
0.9 l0.0556 (ar117T lo.225 |0.939 l0.452 (0.57 |o0.685 |0.802 }0.922 /.04 |1.76
7.0 |lo.o5 o 0.2 o2 o4 0.5 0.6 0.7 0.8 09 7.

Lt |G045% |0.0995 jo./18 |0.269 [0.358 |0.446 | 0.533 |0.62 o706 |0.792 |0.878
1.2 00«5 |0.0827 (0164 10.244 (0.324 10.40f | 0479 (0.555 |0.632 |0.706 }0.78/
1.3 10,0382 [0.0761 |0.1505 | 0. z24 10.296 |0.365 | 0435 | o504 |0.572 |0.638 |0.705
1.4 10.095¢4 ip.070¢ |0.139 |o0.206 |0.272 o336 | 0399 |0.461 |0.522 (0,582 ~0.64/
1.5 10033 |0.0657 |0.41291 |0.79 0252 |0.31 |0.368 |o42¢ |048 |0.53¢ |0.5875
1.6 10.0309 [0.06!4 10.9208 (0478 |0.234 |0.288 |o.342 0,393 |0.494 0.495 |0.542
1.7 0.0297 |o.0576 01131 |0./6T |0.2/9 0,269 |0.%85 |0.366 lo.413 lo.459 |o.503
7.8 10.02765 [0.0543¢ |0.0066 (0457 10.206 |p.252 |0.298 0.543‘ 0.386 |o.428 |0.47
1.9 0026 |0.05%F |0.1007 |or88 o194 0.298 |o.2805 10322 |0.3025 |0.902 (044
20 (00287 o088 |o.0955 oM 1083 lo.z2¢ |0265 [0.30¢4 0307 |o.585 |perd




Methéd IV
This method may be called a differential method. Differentiating
the following relation between I and %,

I=alt~ £, )74 (48)

with resrect to t, we may obtain in genersl the expression.

dat dt £t - to

If we assume of{t) = a is a constant for a certain time interval
as before, we may obtain

- k< SR S
at- T ¢ Tt (50)
A8 clear from tne above equation, if wp put
, r-l/(__L..ﬂL (51)
1 at

the following linear relation may be obtalned between Y and &,

Y oo (8 -t (52)

Therafore, by plottling the estimmnted Y againat ¢ extrapolating

the straight line to a pointﬁcorresponding to ¥ = 0, we may estimate
tﬁ graphically and as a reciprocal of the slope of the line the
value of « may also be estimated,

-t
¢ w——s-l (53)

Teresakf5:hsed this graphical method in estimating to‘
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However, as pointed out before, a more objective estimation may
be obtained by the following analytical method.

Assuning « and to_are constants in the equation (52), for a
series of estimated velues (¥, t;), (4 =1, 2, ~—=--=, n), the
error may be expressed by

2
5= 5[ty - =te(ty - t)) (54)
For minimum error in the estimation of the constants to and «,
35 23
2t °% Sk T° (55)

Solving the above egquations, to and « may be estimated to be as

follows, 2 =
) Iy, Z(ti) -T2t

° YY Tt -anyyus, (56)

(T 6,02 - n¥(t,)?

ZYi Z_ti - nZIiti (57)
where
Y, =1 R S 5 S
i .
// ( I at tati (58)

If the time interval between the two successive measurements is
small and the deviation from the Way-Wigner relation or the
fluctuation of the activity is small, the value of Y corresponding
to the time t may be approximately ecatimated from the two successive
measurements (I,, t;) and (I,,1 4,17 as follows:

(¢t -t,.)
Yede (1, 4Ty, ) TS (59)

(1 - Iya
corresponding to the time t given by
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+t
‘= ti é+1 (60)
Hongver, according to the author'’s experience, a better result
seem to be obtained 1if ¥ = 1/ (= —% -%%—) is properly estimsted
from a properly smoothed out decay curve,

In the foregoing methods a has been assumed to be constant.
However, an attemp was made by a study group on the effects of A
and H bomb in the Meteorologlcal Research Institut&ﬁ $o0 try to
estimate t, assuming « 1s a function of t. In this method Set)
is assuming to change with time in the same way as the composite
activity given Yy Hunter and Ballo&7. Sugiura 8) pointed out that
this method seems to be rather difficult unless the compesition
of the radloactive nuclides is exsctly the same as given by Hunter
and Ballou. Since the composition of the various nuclides in the
sample mey not be considered always the same especially in the case
of detection of activity at a remote place, there seems to be a
danger that a more erroneous result might be obtailned with this
method than with the method assuming the Way-Wigner relation with
constant a for a reamsonable period of time, Although 1t wes noticed
by the author that the value of a changesoccasionally after a
certain period of time, if o should change drastically beyond the
limit of experimental error, it would be noticed during the analysis
with the assumption of constant a, Therefore, for practical
purposes, the method assuming- the Way-Wigner reletion with constant
o seems to be qulte satisfactory in order to obtain the order of
magnitude estimation of t, and a, unless the type of the nuclear
detonation drastically changes in the future,

Method V

This method may be called an inteffghl method. Assuming the
Way-Wilgner relation with constant a, we may have the following
expression.

=131~



I=4 (7, + &)™ (61)
where v 1is the time from the nuclesr detonation to the time of
the first measurement of the activity, and t the time from the
first measﬁrement. ' :

Integrating the equation (61) with respect to t for the .
integral limit from t = O %o & = ¢, the total activity (m)tl

asg measured during the time intervel tymay be expressed by the folléw-
dewing equation

tO t\ -l
= at =) A (L, + &) at
( TA )tl jo I jo Q (2] (62)
Performing the integration, we may obtain

.# -

(T4 )tl 1 -0 I3 vy + 1) = Iy, (63)
where 10 is the activity at. t = O or gt the first measurement
which was conducted at the time Y after the nuclear detonation
and may be expressed by,

14

I, = A, v (64)
and Il is the activity at the time t = 51 after the first

measurement or at the time (Lo + tl) after the nuclear detonation
and may be expressed by,

I, = A (v, + 807 (65)
Similarly, the total activity (TA)t. as measured during

the time interval t2 since the beginning of the first measurement
' may be expreesed by the following equation.

. 'tz ".'2_

A - -

(o )ta &o Iat -Jo AO( L, + t % as (68)
Performing the integration, we may obtain,
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(T4 )t2 = -T_é-z° [\12('L0 +t, ) - I°L4

(e7)
where Io is the activity at the first messurement
-0
I0 o Ao 1O (e8)

and 12 the activity et the time t2 from the first measurement

~-a
I, =&, (v, + t,) (69)
Dividing the equatiocn {(67) by the equation (63),
(TA) :
t -
to ) I, (L9+ £5) - T v (70)

Solving the above equation with respect tec L ., we wmay obtain,
(TA), t, Iy -~ (TA)_ t,I
T, il tl_? 2

1, = (71)
Substituting the above value of v iats equation (63) or (&7),
and solving for «, we may obtain,

(T,-1,) [(TA)tz—tzIzl - (10-12) {(TA)tl-tlIé]

¢ (72)
(m)t2 (1,-1,) = (TA)tl (I,-1,)

where (’I‘A)tt and (’I‘A)ta are the total activities for the time
intervals from t = O to t = t) and t = t2 respectiverly, and

I,» I and I, are the activities measured at t = 0, t = ¢

and ¢t = t2 respectively, snd t = O is the beginming of the first
measurement which 1s gstarted at the time*co after the nuclear dsto-
nation.

Prom the series of measurements which are started at the
different times and for the different time intervals, we may
obtain somewhat different values of to and «, Therefore, in this
case also, it would be better to estimate the most probable values
of to and a 25 a mean value by btresting statistically somewhat
different values estimated from different series of measurements,.
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However, since this method involves the total activitles for the
period of ty gnd t2’ the fluctuation of asctivity may be more or
less cancelled out during the continuous measurement. In this
respect, this integral method, if properly applied, seems to be
better as compared with other methods which depend on interpolation
or extrapolation.

Method VI

Chatterjee reported the following method as a& method of
dating a nuclear explosion,

According to Way and Wigner the composite beta-~decay resulting

from nuclear fission can be represented, using the notations used
in this paper, as

-
et (73)

where I is the activity at time v days after explosion and « iz a
constent., The theoretlcal value of a has been glven to be 1,2,
while the experimental value vsrles from 0.8 to 1,9, Holter and
Glasscock have found that for puclear fission bomb, the same
relation holds with a = 1.3, The Way-Wigner relation can be used
to verify whether the radlosctivity of the dusts is due to the
decay of fission products.

It 1s assumed, a priori, thet the Way- Wigner law holds for
the composite beta-activity resulting from the thermonuclesr

fusion bomb, the value of « will have to be found,
The experiment consists in measurement of the activity

11 of a given sample at a time L after explosion. The dusts are
collected on a particular day and the redioactivity on the same
day (t = 0) is I,.
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On subsequent days (t = ¢, tay 63, tiy tn) the
corresponding measures of radioactivity are
(1, I, I3, I, ).
Suppose that the explesion has taken place Yy days before the
first measurement of activity. Then,

Ly m oy, 0y vy = v, + t Ly =L, o+ tz, AT N ti,-ww--
A (72)

FProm the results of the decay measuremcnts we have a set of data:
(Io' 0), (Il’ tl)’ (12' tz), — (Ii’ ti)} ~".—-—(In| tn)’ (75)

for n + 1 observations, From equation (73) we find
Y . )

Iy =y =k (gt ¥y (76)
where k is a constant, If we asssume the value of o€ from
Way-Wigner, the Ii“ vs t, plot will be & straight line the
extrapolotion of which will give the value of Ty

However & and v can be found separately if the I o< v~
law holds, The experimental error can be expressed as
I L 2
B-Z( ln-—L+a1n-1-)
(77
o Yo
8 involves the errors in estimating « and‘t + For minimum error
in ¢ and ¢ , -327- = O and = 0, from which we obtain,

t()
L(T,)= 1%'35 (78)
= *(To)= .s:(en_n) 7
and
R = 0(?13)::. ( % 1})Zﬁ (79)

S(E ) E

where {o -'to + ti'

For any assumed value of v, the adbove equations will
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give the mean value of «a,
a(Lo) + o (Lo)

Z (80)

Por correct value of @« and 1, S of equation {77) will ve
minimum, Prom equation (76) an idea sbout the probable date of
explosion or nuclear detonation can be estimated, Then for
different values of v, around the probable value, the mean
value of « and the corresponding value of v can be calculated.
From the Sibo) vs Lo_plgx, the actual value of v, can be

G =

obtained for minimum value of B¢, 3 The resolution of the
o

S(L ) VS Ly plot will also indigate the errors involed in
£infing « 2nd Lo _

Although Chatterjee assumed -the value of & = 1,3% in
estimating. the approximate value of Lo-graphically according
to the equation {76), the above analytical method may be
applicable to finding the most probable value of ‘o when the
aneroximate values of L, and ¢ are estimated By other methods
descPibed previously in this paper,.

Chatterjee estimated, from the snalysis of the radiosctivity
of the samples collected at Calecutta in India in the second half
of May, 1354, that an unanncunced nuclear detonation asppeared
to have been conducted around May 12.

Although the analysis was made independently with somewhat
different method by the»Japanesé scientistsfq)(;o) & similar
result was obtained from the analysis of the radiocactivity .
of the samples collected in Japan in the second half of May, 1954,
that en unannouced nuclear detonation seems to have -been
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conducted during the period from Hay 10 to May 13, 1954,

It should be noted that the same result was also obtained from the
analysis of the radicactivity of the samples collected from the
Japanese boats which were contalnated while passing outside the
Waring Area in the South Pacific during the period from May 13,

1954 4)

(II) Discussion and Summary

In this paper various methods of estimaeting the probable
time of nuclear detonation are introduced, However, since all of
the methods described in this paper have been derived based upon
the assumption that the Way-Wigner relation ¥ ™% holds with
constant «, one method may be éonsidered a modification of another,

(Fig.5)
(Pig.6)

Some of the results of the snalysis with the different
zethods are given in Figs. 5 - 11. However, these are the examples
of the analysis with which a considerably good spproximation seemed
to have been obtain., Usually, the error of a few days seems to be
unsvoldable in estimating the probable time of nuclear detonation
from the analysis of the grossaciivity with these method assuming
the Way-Wigner relation with constant «., Fig.5 is an example of
the analysis of the radioactivity which could be ascribed to
March 1 test in 1Y54, PFig.6 shows the results of the analysis
with the Methed (II) of the samples collocted in Osaka from the
middle to the second half of May, 1954. As can be seen in the
figure, the radiocactivity collected from May 14 rain and that
from May 17 rain appeared to be due to different nuclear
detonation st different date.
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Although'the result of this particular analysis of May 17
sample indicates that the radiocactivity in the sample might be due
to a nuclear detonation around May 12, the probable time of
detonation estimated with the Method (I) and Method (V) was
observed to fall in the range between May 8 to May 13.
The radiocesctive decay corresponding to Pig.6 is plotted in full
logarithmic scale in PFig.7, assuming the estimated date as the
probable time of detonation. Fig.8 is an exsmple of the analysis
of May 14 sample with the Method (IV)., In the figure the cross
sign indicates the polnt obtained by the approximation according
to the equations (59) and (60) based upon the directly measured
values, while the circle indicates the point estimated from a
smoothed out curve.
(Fig.7)
(Pig.8)

As can be seen in this example, if the interval between
the two successive polnts of measurements is not small enough,
the estimated points according to the equations (59) end (60)
may be scatterd around consideradbly. Even the points estimated
from the smoothed out decay curve are usually scattered about a
little more than this with method, because of the difficulty of
estimating the tangent at a point on the curve accurately.

For the purpose of comparison, the results of the analysis
with the Method IV by Chatterjee gson the samples collected
at Calcutta in the second half of May in 1954 are shown in Pig.%.
As can be seen in the figure, his results seem to agree well with
the result of our asnalysis on May 17 rain in Osaka which 1s shown
in Pig.6 although the value of o seems to be somewhst different.
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(Fig.9)

(Fig.10)

(Pig,11)

¥ig.10 shows the result of the analysis with the liethod (III)

on the samples collected from March 1 rain in 1960, With the
method of analysis using the charts shown in Pigs.2 and 3, if we
try to estimate Y and o using only one triplet mointe of actual
measurements with small values of X, Y and At, the error in the
estimation was observed to be so large that the value of « ranged
from 0.6 to 1.9 and the error of the order of 5 = 10 days in %he
estimation of the probable date of detonation was not seldem,
Therefore, we have tried to estimate a number of values of Lo and
‘o by shifting the originsl point with the wvalue of At abput 5 - 10
days. By treating these somewhat different values of Yy and «
statistically, we have obtained the most probable value of
a = 1,4 and the corresponding wvalue of v = 20 days prior to March 5.
Agsuning these values were correct, an exawple of I'm Vs 1y
plot based upon the actually measured values is given in Fig.10,
and the corresponding 1, vs L; Plot in full logarithmic ucale
is shown in Fig.ll. 7The points in Pig,.1l0 may be ohserved to te
well approximated by a stright line the extrapolation of which
can be seen to fall around Feb.l3 or in the range from Feb.12 = 15.
B8ince the only annoumnced nuclear explosion test during this period
is the Prench test conducted-in Sahzra desert on Feb.l3, 1960, the
corelation between the estimated prcbable time of detonation and
the French test in Sahara seems to be clear, Although the Method(IIX/
was developed in the hope of estimating the probable date of nuclesr
detonation based upon the actually measured values rapidly and
more objectively without depending upon extrapolation or
interpolation from the srbitrarily smoothed out curves, the probable
time of nuclear detonation estimated with this particular example
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based upon only one set of tripi& measurements with small vaslues
of X, Y and At was observed to lie in such a wide range as from
Feb.5 to about Feb.25. _

Ag shown in this example, the error in the estimation of Yy
with the warious methods described in this paper will in general
be expected to be considerably large if we try to estimate the
probable time of nuclear detonation from a limited small number
of measurements ¢ exbrapolated or imterpolated points unless
those those points are the ones carefully selected from the very
properly smoothed out decay curve, Therefore, usually, it seems
to be necessary to try to estimate the most probable values from
a number of measurements or extrapolated or interpolated points

for a sufficient and adequste time interval, during which the value

of « of the Way~Wigner relation may be considered approximately

constant, in order to obtain a better result of estimation,
Although the value of «, as observed at a remote place

such as Japan, was observed to change during the period of about

one to two months after the nuclear detonation, if the methods

described in this paper were properly applied, it may be possible

to test whether the zssumption of Way-Wigner relation with constant

o would hold for s long period of observation,
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On the Artificial Radioactivity in the rain of Osaka during the
Pericd from April 1954 to the end of Augugt 1961.

The results of the routine measurements of the radioactive
fallout as observed in Osaka, Japan during tue period from 1954
to the end of August 1961 are introduced in this paper.

(I) Method of Measurement

The rainwater was collected by thg polyethylene vessels
with the effective surface area for collection of rainwater about
lsquare meter. The smaller vessel was used for the daily routine
measurements of the grossactivity of the radioactive fallout
and the larger one was kepi for one year for the estimation of
the annual precipitation of strontium=-9C and cesium=137.

The gross beta activity of each rainfall was measured with
the residue obtained after complete evaporation of an aliquot
of the rainwater by the commercial beta ray counter with a thin
mica window of thickmness about 1.9 mg/cm manufactured by Kbbe
Kogyo K.K..

In order to avoid the possible complications due to the rela-
tively short lived naturally occurring disintegration products of
BRn or Tn, the grossactivity at the time of sampling was estimated
by the back extrapolation based upon the decay rate from sereral
hours to a few days after sampling.

The dry deposition was also measured by exposing a greased
paper with the surface aresa about 0.1 square meter to the air for
a certain period of time, The collected radiocactive dust was
wrapped up in the paper and completely ashed in the electric
furnace, After weighing the ash, the gross beta activity was
measured more than 24 hours after sampling., When the amount of
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ash is large, a correction for the self-absorption due to sample
thickness was attempted.

The radioactivity in unit of curies was estimated frow the
comparison with the substandard source of Sr9 190 which was
previoﬁsly calibrated by RaE. For the accurate measuremeﬁte of
radiocactivity 4n-counter which was specislly manufactured for our
laboratory by Kobe EKogyo K.K. was used. From the cémparative
measurements of the artificial radiocactivity in the dust collected
from the rainwater sample with the 4x-counter and with the ususl
beta ray counter, the efficlency of counting the beta rays of the
sample by the beta ray counter at the usual geometry used for
routine measurements was estimated to be about 7.5%, while the
efficiency gf—commtine of counting high energy beta rays from Y9O
was over 10%.

®hen more accurate estimation of activity is necessary, a low
background counter constructed in our laboratory was used. The
beta ray counter wag  surroundeéd by ‘22 cosmic ray counters which
were constructed at the cosmic ray laboratory of the department of
physics of Osaka City University mand kindly provided to the author
by courtesy of Prof. Watase and Dr. Miyake. The anticoincidence
circuit used for the low background countiné‘was constructed
by Dr. Eawai of our laboratory, ‘The whole set was surrounded by
a heavy shielding of iron sheets which were kindly provided to the
author from the FuJinagata Shipbuilding Co. in Osaka by the kind
arrangement of Prof. Okuda of the department of physics.

The analysis of strontium=-90 and cesium-l13? was attempted
with the assistance of Mrs. Kuriyama, Mr. Tanaka, Dr. Iwasaki
and Mrs. Furukubo and with the kind help by Prof. Hara of



Doshisha University, Prof. Yamatera of Osska Clty University
and Prof. Nishi of Kyoto University.

-The procedures of the analysis of annusl sample may be intro—
duced in the following.

1) Take an Aliguot of the rainwster sample from the large
rainwater collecting vessel., Add about 50mgz each of Sr snd Cs
carrier, and concentrate by boiling,

2) Bvaporate the concentrated solution to complete dryness, Thern
the residue is ashed at about 600°C in the electric furmace for
one two days.

3) Dissolve the residue with 1 = 3N hydrochloric acid and filter.
4) To the filtrate, add ammonium hydroxide solution slowly until
a faint turbldity is observed, Add a neutral solution of ferric
chloride to the extent that the yellowish colour could de recognized.
Then add a little glacial scetic acid, and a concentrated solution
of ammonium acetate. BPoil the solution for some minutes to
precipitate phosphate and filter hot, _

The preclpitate is redissclved in the minimum gquantity of
dilute bydrochloric acid and repeat the precipitation to recover
strontium in the filtrate,

5) To the combined filtrates, add ammonium chloride solution
" and emmonium hydroxide solution and boil. (Al, Fe, Cr and rare

eath group may precipitate) Pass hydrogen sulphide, boil until
the precipitation is complete, and filter, (2n, Mn, Co precipitate).
6) Concentrate the filtrate, Make the solution acid with acetic
acid and drive out Hés by heating, Mske the filtrate neutral to
basic with ammonium hydroxide and add a solution of ammonium.
carbonate (10 ~ 202) in excess and 15ml of 95% ethanol, After
stirring the solution strongly, digest with heating and allow to
stand still nore than 30 min, and filter, The precipitate ls washed
with the solution of smmpnium carbonate to which alcohol is added,
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The precipitate is dried at 100 - 1}0°C and weighed. (Ce, Sr) To
the filtrate and wash, add about 0.5 gram of Catt carrier and
repeat the precip%Fion to recover stronium. These precipitates
are combined and reserved for the analysis strontium.

7) The filtrate is evaporated to dryness and the residue is
neated at about 500°C for one to two days in the electric furnace
to drive out ammponium,

8) Dissolve the residue with water and dilute hydrochloric acid.
Concentrate the solution as much as possible, and add & freshly
prepared solution of sodium cobaltinitrite NaBCo(NO2)6 in excess.
Shake vigorously for some minutes or stir mechanically for 30 min,
and allow to stand over night. Centrifuge and filter. Wash the
precipitate with 10% acetic acid and then with 95% alcohol. The
precipitate is dried at 100 - 110°C and weighed. (K,Cs)

9) The reagent of sodlum cobaltinitrite may be prepared as followsi
Dissolve 28.6g of cobaltous nitrate crystals and 50ml of glacial
acetic acid in enough water to make 500ml of solution. Dissolve
180g of sodium nitrite in 500ml :of water. Keep these two solutions
separate until the day before analysis, then mix equal volumes,
shake or stir well, allow to stand over night in & glass~stoppered
bottle, and filter just before using.

10) The precipitate in step (8) i1s mixed with a little sodium
nitrite and heated until the mass fuses and effervesces no more.
The residue is taken up in warm water and filter off the black
cobalt oxide residue after washing with water thoroughly. To the
combined solution of the filtrate and the wash, add hydrochleric
acid and boil to decompose the nitrite and evaporate to dryneés

to eliminate nitrous acid completely.

11) Dissolve the residue in warm water and make acid with glacial
acetic acid and then add sbout S5ml of HBiI4 reagent. €Cool the
mixture with ice and centrifuge., Wash the precipitate with glacial
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acetiﬁnggﬁg, keeping the solution ice~cool. The precipitate of
cesiumAiodide is dried and weighed. {Cs) The radioactivity of
cesium-137 in this fraction is estimated from the photopeak
(0.66kev, 92%) corresponding to the daughter nuclide Bal37m

{2.6 min,) with the gamma-ray spectrometer. However, if we estimate
the activity of cesium-137 with the beta-ray low background counter,
we must pay special attention to the possible contamination of
potassium=40 when the activity of cesium=137 in the sample is low.
The HBiI4 reagent is prepared according to the method described

by Evans'®) by dissoliving 10g of Bil, in 50ml of 55 percent HI.
The presence of some free iodine would not interfere seriously
with the precipitation.
12) 1f greater decontamination from other fissiom product such
as rupidium is desired, we may follow the following procedure!
Dissolve the above precipitate in 6 drops of conc. HCL by
heating to boiling. Add rubidium carrier {10 mg/mil). Cool with
ice and add HBiI4 reagent. Allow to stand for several minutes and
centrifuge. Wash the precipitate with glacial acetic acid, filter
°“%ﬁ§%%%ﬁé¥%§2 and wash successively with 5ml portions of absolute
ethanol and ether. Dry at 110°C for 10 min. and weigh as Cs5BiyTg.
Dissolvg this precipitate again in about 2ml of &M HN03. Boil to
remove 12, add 1lml of cone. HNO3 and 3ml of Hzovand gool the
solution. To the cool solution add 10ml of ebhanol (the solution
should remain clear), 0.5ml of 0,5M chloroplatinie acid HaPtcl6
and Yml more -of alcohol. The resulating precipitate of cesium
chloroplatinate is washed with alcohol, filtered onto a filter
paper disk of ¥Whatman NO.BO paper, washed with ether, dried ét
11000, and weighed as CSZPtC16.

13) To the precipitate of strontium and calcium obtained in step (6)
add distilled water and 90% nitric acid slowly. Keeping the
concentration of nitric acid at 75%, shake or stir well for 30 nin,
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centrifuge at 2,000rpm for 10 min, and discard the supernatant.

At this concentration strontium precipitates, but most of the calcium
may remain in the solution. Repeat this procedure again at half
the original'volumeg2

14) The precipitate is transferred to 100ml beasker with Béo.
Evaporate to dryness to expell nitric acid and dissolve in 50ml

of distilled water,

15) To the splution, add about 10 drops of Y or Pe t* carrier
(10mg/ml) and heat to the incipient boiling point and make the
solution basic with 002 free smmonium hydroxide to precipitate the
hydroxides of rare earth element. Repeat the precip}@ion to
reécover strontium in the filtrate. Check the radioactivity of

the precipitate obtained in this step.

16) Make the combined filtrates neutral with 6N nitric acid and
add 2¢l of 6M smmonium acetate and 1lml of 6M acetic acid. 4dd 15
drops of Ba't carrier (50mg/m1} Heating the solution, add lml

of 1,5K sodium chromate'drop by drop stirring well. Continue
heating the solution nearly to boiling for several minutes, allow
iﬁ%o cool and filter off'the'precipitate of barium chromate,

The contamination of'Ba140 and Ra may be eliminated.

l?) Make the filtrate neutral to basic with ammonium hydroxide
end add 5ml of ammonium carbonate and 95% ethanol. After stirring
well, digest_with heating until the precipitation of strontium
carbonate is complete.

18) The precipitate of strontium carbonate is dried at 100 - 110°¢
for 20 minutes and weighed. (8r) The sample is stored for aboub
20 days and when Srgo and 190 reached an equillibrium state the
beta activity of the sample is measured.[SrB-9 +(Sr90 + 190)1

Then the sample is dissolved in 2ml of 6N HCl and used for 190
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separation by ion exchange method.

19) After conditioning the Dowex 50 resin of about 100 = 200 mesh
the ion exchange resin in H-form is filled in the glass tube of’
diameter about 2.5cm up to a height of about l2cm. Pass 200ml of
distilled water through the column, and then convert the resim into
ammonium form by passing 400ml of smmonium citrate at pH = 6.0

and wash with 400ml of distilled water at the speed of filow about

¢ per hour.

20) 'The sample in which Sr90 and 190 reached equillibrium is poured
into the column slowly. Y9O is milked fronm Sr9° on the column by
passing 50ml of citric acid at pH = 2.0 and 350ml of citric acid

‘at pH = 3,8. To the combined washes about 1Omg of Y-carrier is
added and the solution is heated and 30mi of saturated oxalic acid
is added. The solution is digested with heating at low for 10
minutes and then allowed to cool and filtered, washing with 10%
320204 solution. The precipitate of yttdium oxalate is ignited and ashed
and the beta activity of this sample is measured immediately.

From the decay rate of Ygo'with half- life of about o4 hours, the
existence of Y9O is confirmed and the initial activity at the time
of separation from Srgo is estimated by back extrapolation. This
activity of Y9O may be considered to correspond to that of Srgo.

21) The yield in the radiochemical analysis may be estimated in

the following way. Divide the original sample into two equal
portions, =2 2a ~ To one portion (A) add a known activity
of "a" pc of the radicactive Huclide to Ve detected, while the other
portion (B) may be analyséd without any addition of the radioactivity.
The analysis of these two portions should be carried out almost
simultaneously in parallel step by step using the same reagents;
Buppose the activity of the nuclide detected after the final
analysis is "c¢" pe in the portion (4) and "b" uc in the portion (B),
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Then the final yield of this analysis may be estimated to be

9—2—2 x 100%. In the above analysis, the yield of Sr90 may be
estimated to be about 60 -« 70%, while that of cs+37 sbout

70 ~ 80%

However, later the abovg§%§§’simplified and afier the step{(3)
in the above the strontium was sperated from the 75% nitric acid
sclution according to the method described in the step (13) and
the steps described thereafter was followed for the detection of
Srgo. The spernatant solution after the separation of strontium
nitrate from the 75% nitric acid was. used for the analysis of
cesium. After scavenging with Pe*** and Ba**t darrier, cesium was
precipitated as cesium bismuth iodidé with NaBiI4 instead of

HBin reagent, The NaBiI4 reagent was prepared by dissolving

9 grams of powered bismuth trioxide in 300ml of a satburated
solution of sodlum iodide-in concentrated acetic acid according

" to the method described by Hara.a)' After heating for sometime,
the soltier is rapidly filtered through a glass filter equipped
with a foot and the filtrate is stored in a glass—stoppered

bottle in a cold dark plage._and used as the N35114 reagent.
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(II) Results of Measurements (10

In Teble 1 some of the nuclear detonation tests conduced
by different countries up to the ehd of August 1961 are listed.
In 1958 it was rather difficult to identify smaller tests because
too many large tests of megaton size have been.coqdﬂcted by the
United States as well as by the Soviet Union. Therefore only the
major ounes that have been dggted by the shock wave records in the
microbsrographs of the meleorological stations in Japan are
listed in the table for ==« that year.

In Table 2(a), the number of tests up to the end of 1958
reported as announced by the United States are listed and in
Table 2(b) the estimated fission yield in kilotons assuming the
past thermnuclear tests to have consisted on the average of 50%
fission and 50% fusion is shownsl)

(Table 1)
(Table 2)

After the cessation of nuclear tests was announced by the
three major powers possessing nuclear weapons, the United States,
the United Eingdom and the Soviet Union at the end of October 1958,
the only tests conducted since then up to the end of August 1961
were the French onesg in Sahara: three in 1960 and one in 1Y61.
Therefore, during the past eight years period from 1954 to 196l
the only year in which no nuclear tests were conducted was 195Y.

_ 4ccording to the New York Times,5 somewhat different estimates
are given. A fotal of 165 tests have been conducted by the United
States, of which 122 tests were conducted in the South West U.S.,

%7 in Eniwetok - Bikini area in the South Pacific, one off the west
coast of the United States, two in Johnson Island in the Pacific
and three in the South Atlantic. The total number of British tests
in reported to have been 21, of which Y tests were conducted in
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Table 1 ()

~Jsar Date Covntxy Tost site .
1945 ¥II:16 U.S.A Alamagordo, New
. Mexico
" VIII: 5 " Hiroshima, Japan
. VIII: 8 " Nagasaki, Japan
1946 VI:%0 " Bikini Atoll
" v1i1:25 " .
1948 v--v H Eniwetok Atoll
1949  VIII: U.S.5.R Siberia
1951 1:27,28 U.S.A Nevada
" II: 1, 2, 6, A "
" Iv, Vv " Eniwetok
" X: 3 U.8.S.R Siberia
L} x:22 " n
* X:22,28,30 U.S, Nevada
" n=2%s‘ 5,19, o “
1952 Iv: 1,15.22 " »
" v: 1, 7,25 " "
[} Vi: 1, S n ]
. X: 3 U.K Monte Bello Is.
. XI: 1 U.S.A Eniwetok
. XI: ? 0
1953 I1I:17,24,31 " Nevada
L] ¢
Ix.zg,n.ls, \ .
. V: 8,19,29 " "
. vVIi: &4 " "
. VIII:12 U.8.8.R Siveria
e VIII:23 . .
[ n=23 n L]
. X:15 u.X Woomera Range,

Australia
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Table

1 (b)

Jeap ___Date

counsry

—d88k. 8408 . .

1956

I11: 1
II1X:27
Iv:.6
IV:26
¥: 5
v:1l2

IX:10,26,31

I1:18,22

III: 1, 7,12,

Iv: 6, 9,15

v: 5,15
V:16
V:17

VIII: 4=-1X:24

II:
XI:22
I1I:21
JIV:
v
v: 5
v: 7
v:2l
V:28
vI:13
vi:26

“w  es e

vII: 3, 9,11,
21,22

VIII:24
¥YIXII:30
IX: 2
IX:10
I1X:27
111
X1:12

U.8.4

L4

U.8:8.R
U.8.4

U.K
U.S.A
U.S8.8.R

"
U.8.8,R

"

"

»

U.X

Bikini Atolld
Eniwetok

Siberis
Nevads

Monte Bello Is.
Pacific Ocean
Siberia

Monte Bello Is.
Bikini Atoll
Monte Bello Is,
BEniwetok

]
Siveria

n

L]

L]

Heralinge,Australia

U‘S‘&“L m——-——
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Table 1 @

Year Date Country Test site
1957 I:29 U.3.S.R Biberia

" II: 8 " "

" Iv: 3 " "

" IV: 6 " "

" 1v:10,12 " "

n IV:16 Y

" V:15 U.K Christmas Is.

" V:28 U.S.4A Nevada

" VI: 1 U.K Christmas Is.

" VI: 2 U.S5.4A Nevada

n vI: 5 " n

" V1:18 " "

n VI:19 U.X Christmas Is.

" VI:on U.S.A Nevada

n VIi: S " "

" VII:15 " -

u VII:19 " "

" VII:24 " "

" VIi:25 " "

" VIII: 7 " "

" VIII:18 4 "

n Viii:22 U.S5.S.R Siberia

" VIii:23 U.S.A Nevada

" VIII:3O " "

" IX: 2 " "

" IX: 8 " "

" IX: 9 U.S5,8.R Siberia

" IX:14 U.K Maralinga

" IX:16 U.S.A Nevada

" IX:24 U.S.8.R North Pole

" x: 6 n n

" XIT:28 " Siteria
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Table 1 (d)

Year Date Country Test site
1958 II:23,27(2) U.S.S.R North polar
region
" 11I:14(2),21 " "
. V:12,26 U.S.A Eniwetok
" vIi:10 " Bikini Atoll
" VI:14(2),27(2),
28 n Eniwetok
® VIiI:.-2 " Bikini Atoll
* VIIl: 5,12,26 . Eniwetok
" VIII:1? U.S8.S.R Forth polar
region
® IX:30(2) " "
. X:12,15,19,20,
22,24,25 " "
1960 I1:13 France Sahara
" IV: 1 } " "
. X11:28 o n
1961 Iv:25 " "

1945 VII -~ 1961 VIII Total 255.

(U.S.A 165, U.K 21, U.S.S.R €5, Franca 4)
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Table . 2(a) The Number of Nuclear Tests.

U.s.A. (129)
July 16, 1945 - First atomic bomb test, "Trinity,"
Alamogordo, N.M,
August 6, 1945 - Hiroshima bomb
August 9; 1945 - Nagasaki bomb
Summer of 1946 - "Crossroads" tests (2), Bikini Atoll
Spring of 1948 - "Sandstone" tests (3), Eniwetok Proving Ground
Winter of 1951 - "Ranger" tests (5), Nevada Test Site
Spring of 1951 - "Greenhouse" tests (4), Eniwetok
Fall of 1951 - "Buster-Jangle" tests (7), Nevada
Spring of 1952 -~ "Tumbler-Snapper" tests (8) Nevada
Fall of 1952 - “Ivy" tests (2), Eniwetok .
Spring of 1953 - "Upshot-Knothole" tests (11}, Nevada
Spring of 1954 = "Castle" tests (6), Eniwetok
Spring of 1955 - "Teapot” tests (14), Nevada
Spring of 1955 - "Wigwam" test (1), Pacific Ccean
Spring -Summer of 1956 - "Redwing" tests (4), Eniwetok
Spring-Summer of 1957 - "Plumb-bob" tests (24), Nevada
Spring- Summer of 1958 - "Herdtack" series, first phase (16), Eniwetok
Fall of 1958 - “Hardtack" series, second phase (19), Nevads

U.k. (21)
Octobver 3, 1952 - First British explosion, Monte Bello Islands
October, 195% = Two explosions, Woomera
May-June, 1955 - Two explosions, Monte Bello Islands
September-October, 1956 - Four explosions, Marelinga
May-June, 1957 - Three explosions, Christmas Island
September-October, 1957 -~ Three ekplésions, Marelinga
November B8, 1957 - One explosion, Christmas Island
April 28, 1858 - One explosion, Christmas Island’
August-September, 1958 -~ Four explosions
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U.5.5,R. {53)
September 23, 1949 - First Soviet nuclear explosion
October, 1951 - Iwo known tests
August, 195% - Series of tests, two known explosions, one thermonuclear
October 26, 1954 - "Part of a series”
August 4, 1955 - One explosion
September 24, 1955 =~ "Part of a series"
November, 1955 - "Part of a series,™ two explosions, one
"in megeton range"

March-April, 1956 - "Part of a series," two' explosions
August-September, 1956 - "Part of a séries,”four explosions

November 17, 1956 - One explosion

January 19, 1957 - "Part of a series"

March-April, 1957 - "Part of & series," six explosions
August-October, 1957 - “"Part of a series," five explosions
December 28, 1957 - One explosion

February-March, 1958 - Nine explosions

September-November, 1958 ~ Sixteen explosions

Total: 20% up to the end of 1958,
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Table :
2(v)

Fission Yield in Kilotons Assuming The Past Thermonuclear
Test to have Consisted on The Average of
50% Fission and 50% Fusion

Air Bursts Ground-Surface Water-Surface Total

1945-1951 190 550 20 760
1952-1954 1,000 15,000 22,000 38,000
1955-1956 5,600 1,500 6,000 13,100
1957-1958 31,000 4,400 4,600 40,000

Total 37,790 21,450 32,620 91,860




Christmas Island in the Pacifie, 3 in Montebello Island and S in
Woomera=-Maralinga district in Australia. The total number of tests
condiicted by the Soviet Union up to the ehd of August 1961 is
reported to have been 65 in Siberlia and in Novsya Zemlya in the
Arctic Ocean. The total fission yields from tests 1945 to the end
of 1958 are estimated in unit of megatons TNT equivalent nuclear
fission to be about 32.3 megatons(§5%)watér surface explosions,
about 37.8 megatons (42%)alr explosions and 21.5 megatons (23%)
ground surface explosions, Of the total of about 92 megatons,
about 70% is estimated to be due to the nuclear tests conducted
by the United States and the United Kingdom and about 30% by

the Soviet Union.

The radioactivity precipitated with the rain in Ossaka,

Japan was measured 668 times during the period April 1954 to the
end of August 196l1. In Table 3, monthly and annual amounts of
rainfall and the number of times of the rainfalls observed at
the Osaka City University are shown. As can be seen in the table,
the annual amount of rainfall ranged from about 1,000 to about
1,6000 mm with the monthly average of about £0 to 110 mm., The
average amount per one rainfall was estimated to be about 12 to
17 mm in Osaka district.

(Table 3)

However the frequency of small amount of rainfall is much
larger than the larger ones and during the period of about seven
and a half years observation the percéntage of rainfalls with less
than 10 mm was about &60% whiie thzat with over 60 mm was only about
#?%. The number of reiny days per yeér was about one fourth to
somewhat less than one third of a year.

The results of the dally measurements of the concentaration
of radiocactivity per one litre of rainwater in units of cpn/l
and ¢/1 and the precipitation of radicactivity per one square meter
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Toble 3

1954 1955 1956 1957 1958 1959 1960 191
Roiafall, No. |Remfall yawmy | No. |Raimpatlimm] No. | Rainfall pm) | NO. | Rainfallipn [No. [Rainfall iy | NO. | Raifall jpuy | No | Rainfull (o) [ W0,
1 32,2 22,9 | 4| 45.5[ 8| 27.7| 5| 93.2| 5| 40.0 51.7 5
2 75.7| 6| 20.0| 6] 43.4| 4| 33.6| 4| 120.85(21] 12| 3| s8] 6
3 118.1 [ 12| 207.0 {16 41.6| 3| 99.4| 9| 122.0 (14| 49.55{10| 67.6| 5
'S 41,0 31 109,4 | 8| 112,9| 9| 107.2] 8] 138,8| 9| 44,3 | 11| 165.93 9 65.1 | 3
5 |135.6 | 11| 17.7| 8| 255.3|20| 67.4| 9| 122,3 10| 208.7 |10| 172.3| 7| 1203 | 7
6 |288.6 | 15| 96.9] 9| 119.4 |20 35.4| 20| 78.1| 7| 59.2| 8| 148.7| 8| 208,0| 7
7 |107.8 78.8 | 6| su.68 9| 380.2| 14 | 61.9| 6| 246,85 10| 1144 | 7| S0a| 7
8 | 12.3 83.4 | 4| 108.1 92.2| 6| 52.2| 4| 210,05 143,8| 6| 6.0] 5
9 [134.6 | 12| 58,0] 5| 289.1|13| 243,7| 12 | 123.5] 9] &5 95.8 |. 8
10 | 29.6 175.4 |12 | 145.6| 9| 23.4| & | 163.5| 9| 114.1|20{ 6.1 | 6
1 | 32.8 80.8 s2.2| 6| 60.2 57.1| 6| 161.45 6| a0 7
12 | 33.3 28,2 1.6 4l 23,00 3| 31.3| 7| eL9 26.2| 5
"Risftt [815.6 1054,3 186,78 | 1443,2 989.4 1630,2 1097.98 653.2
Nt | 69 89 112 86 85 104 e a5
A3, e | 90,7 88,0 124.8 120.3 82.5 135,85 91,50 81.7
pcAui B PWY 11.85 13.25 16.8 11,6 15.7 13.9 14,2
i




in units of cpm/mz and c/m2 are shown in Fig,l and Fig.2.
Fig.1(a) and Fig.2(a) (1954),
(Fig.1(a))
(Fig.2(a))

Phe radioactivity of rainwater was measured 69 times in 1954,
A higher concentration than 100 cpm/1 (6 x 10~10 curie/l1)
was observed 7 times (during the period from May to early June),
once in October and once in November, or 9 times in total which
corresponded to 1%.1% of the total number of mezsurements of
that year. Higher concentration than 1,000 cpm/1 (6 x 1079 curie/1)
was observed only once in the middle of May. A higher precipitation
per unit arear per rainfall than 100 cpm/'m2 (6 x 10710 curie/mz)
was observed 38 times which corresponded to 55.2%. Higher
precipitation than 1,000 cpm/m2 (6 x 107 curie/mg) was observed
twice. Higher precipitation than 10,000 cpm/’m2 (6 x 1078 curie/m
was observed once in May following a series of American tests in
the Pacific. The total amount of precipitation per uvnit area
was sbout 2,29 x lO’7 c/m2 during the period from April to the
end of December and the average concentration of rainwater was
estimated to be about 2.8 x 1077 uc/l in 1954.

The annual precipitation of strontium~90 was estimated to be
1.29 mpc/mg, while that of cesium-137 to be 2.2 muc/mz, with the
ratio of cesium-137 to strontium-~90 gbout 1l.7. The average
concentration of strontium=-90 was estimated %o be about 1.6 uuc/l,
while that of cesium=-137 about 2.7 ppuc/l in 1954. The ratio of
the activity of strontium~90 to the annual total of the grossactivity
of each rainfall was estimated to be about 5.6 x 10-5, while
that of cesium-1%7 about 9.6 x lOfB. The above vaaﬁe of sr2°
precipitation may be estimated to be roughly abou@Athe total of
the values estimated from the decay rate of the radiocactivity of
each rain in 1954, assuming the fast neutron fission of U238,
ne of the reasons for this may be assumed to be due to the existence

2y

of the inert gas such as krypton or xenon among the parent nuclides
of Sr90 or 05157 as shown in Fig.3 and the percentage of these

(Fig.3)
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nuclides at remote places might be higher than that in the loecal
fallout because of the possible higher rate of diffusion of those
inert gas parents, although this degree of relative rate of diffusion
may be dependent on the mode of detornation during the initial period.

Fig.1(b) and Fig.2(v) (1955).
' (Fig.1(b))
(Pig.2(b))

The radioactivity of rainwater was measured 89 times in 1955.
A higher concentration than 100 cpm/l (6 x 10710 curie/l) was
observed once in each month of January, February and April and
? times during the period November to December, or 10 times in
total which corresponded to 11.2%, Higher concentration than
1,000 epm/1 (6 x 1077 curie/l) was observed only once towards the
end of November., A higher precipi%ion per rainfall than 100 cpm/m2
(6 x 10°10 curie/ma) was observed 34 times, which corresponded
to 39%.  Higher precipitation than 1,000 cpm/m (6.0 x 1079 curie/u?)
was observed 3 times.,

' The total amount of precipitation per umit area was about
l.64 x lO"7 c/m2 and the average concentration of railnwater was
estimated to be about 1.55 x 10™% pe/l in 1955,

The annual precipitation of strontium-90 was estimated to be
1.69 mpc/mg, while that cesium=-137 2,88 mp,c/'m2 with the ratio of
cesiun~13%7 to strontium=90 avout 1l.7. The average concentration
of strontium—-90 was estimated to be about 1,6 puc/l while that
of cesium-137 abolt 2.7 puc/l in 1955, The ratio of the activity
of strontium-90 to the annual total of the ghossactivity of each
rainfall was estimated to be about 1.0 x 1072, while that of
cesium~137 about 1.8 x 10-2.
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Fig.1(c) and Fig.2(c) (1956)
(Fig.1(c))
(Fig.2(c))
The radloactivity of rainwater was measured 112 times in
1956. A higher concentration than 100 epm/L (6 x 10~ ~10 curie/1)
was observed once in January and in August, twice in each month
of October, November and December, three times in June and in July,
4 times in March, 6 times in May, @ times in September, or 34 times
in total which corresponded to 30.4%. As compared with the previous
two years, the frequency of higher raedioactive rainfalls has
increased. Higher concentration than 1,000 cpm/l (6 x 107 curie/1)
was observed once in March and in June, which corresponded to 1.8%.
A higher precipitation per unit area per rainfall than 100 cpm/m2
(6 x 10730 curie/ha) was observed 77 times, which corresponded
to 68.7%., Higher precipitation than 1,000 cpm/m2 (6 x 10~ curie/ma)
was observed 23 times, which corresponded to‘20.5%.
The annual total amount of precipitation per unit area was
4,94 x 1077 c/m2 and the average concentration of rainwater was
estimatcd to be about 3.34 x 1074 pe/l in 1956.
The annual precipitation of strontium~90 was 2,27 mp.c/m2
while that of cesium-137 was %.84 mp.c/m2 with the ratio of
cesiua~137 to strontium-90 about 1.7. The average concentration
strontiun-90 was estimated to be about 1.5 upc/l while that of
cesium-137 about 2.6 ppc/l in 1956. The ratio of the activity
of strontium-90 to the annual total of the grossactivity of each
rainfsll was estimated to be about 4.7 x 10'5, while that of
cesium-1%7 about 7.7 x 1072,
Fig.1(d) and Pig.2(d) (1957
(Fig.1(a4))
(¥ig.2(a))
The radiocactivity of rainwater was measured 86 times in
1957. A higher concentration than 100 cpm/1 (6 x 10710 curies1)
was observed once in each month of Februarj, July, August and
November, twice in each month of January, Harch; May and
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June, three times in September and in December, 5 times in April,
or 23 times in total which corresponded to about 26.8%. Higher
concentration than 1,000 cpm/1 (6 x 10-9 curie/l) was observed
only once in April. The general tendency of increase of frequency
of higher radioactive rainfalls was more or less similar to that
in 1956 and the frequency of rainfalls with the concentration
higher than 100 cpm/1 in this year was observed to be roughly
about 2.5 times higher than that in 1954 or 1955,

A higher precipitation per unit area per rainfall than
100 cpm/m2 (6 x 10710 curie/he) was observed 72 times which
corresponded to about 82.6%. Higher precipitation than 1,000 cpm/m
(6 x 1077 curie/ma) was observed 15 times which corresponded to
about 17.6%. Higher precipitation than 10,000 cpm/m2 (6 x 1078
curie/m2) was observed once in April during the period of Russian
tests.

The annual total amount of precipitation per unit area was
3.67 x 10-7 c/m2 and the average concentration of rainwater was
estimated to be about 2.5 x 1074 pe/l in 1957,

The annual precipitation of strontium~90 was 2.53 mp.c/m2
while that of cesium-137 was 4.96 mpc/m2 with the ratic of
cesium=137 to strontium-90 about 2,0. The average concentration
of strontium-90 was estimated to be about 1.7 ppc/l, while that
of cesium-137 about 3.4 upe/l in 1957.

The ratio of the activity of strontium-90 to the annual
total of the grossactivity of each rainfall was estimated to be
about 6.9 x 1077, while that of cesium~137 about 1.4 x 10'}2.

From the analysis of the soils about 5 to 15 cm layeffgﬁg
surface which were sampled at the two different parts of the
ground of Osaka City University in January 1957, about 3 mpc/m2
and 4.25 mp.c/m2 of Sr90 were detected with the extraction by
ammonium acetate.2 If we assume this amount corresponds to
about 70% of the total,s) the total deposition may be estimated
to be roughly about 4.3 mpo/ma and 6 mpc/ma. Therefore the
plausible amount of cumnlative deposition of Sr90 in early

2
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1957 may be estimated to be roughly in the range of about
4.3 to 6 mc/km2 in Osaka district.
Fig.1(e) and Fig.2(e) (1958)
(Fig.1(e))
(Fig.2(e))

The radicactivity of rainwater was measured 84 times in 1958.
A higher concentration than 100 cpm/1 (6 x 10710 curie/l) was
observed 55 times out of 84 times of measurements, which
corresponded to about 65.4%. In more than one half of the rainfalls,
higher radiocactive concentration than 100 c¢pm/l was measured, Higher
concentration than 1,000 cpmn/l was observed 10 times which
corresponded to about 11.9%. In other words, higher concentrations
were observed most frequently as compared with the previous years,
This may be most probably due to the repeated large scale tests
conducted by the Unlted States and the Soviet Union prior to the
cessation of tests at the end of October 1958. A higher precipi-
tation per unit area per rainfall than 100 cpm/m2 (6 x lo-locurie/me)
was observed 68 times which corresponded to sbout 8l%. Higher
precipitation than 1,000 cpm/m2 (6 x lo'9curie/m2) was observed
33 times which was about 39.3% and higher precipitation than
10,000 cpm/m2 (6 x lo-ecurie/mz) was observed 9 times which was
about 10.7% of the total number of measurements in 1958,

The annual total amount of precipitation per unit area was
3.01 x 10‘6 c/m2 and the average concentration of rainwater was
estimated to be about 3,2 x 1072 pe/l in 1958, which was the
highest and about one order of magnitude higher as compared with
the previous years, However, this may be ascriﬁed to a relatively
higher percentage of short lived fission products included in
rather fresh samples.
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The annual precipitation of strontium-90 was 3,08 mpc/m?,
while that of cesium-137 was 6.23 mpc/m® with the ratio of
cesium~137 to strontium~90 about 2.0. The average concenbration
of strontium-90 was estimated to be about 3.1 upc/l while that
of cesium-137 about 6.3 upc/l in 1958.

The ratio of the activity of strontium-90 to the annual total
of the grossactivity of each rainfall was estimated to be about
1.1 x 10 ~2 while that of cesium-137 sbout 2.1 x 1072,

From early spring (Feb.) to summer July 1958 the radiochemical
analysis of rainwater was conducted especially to estimate the
ratio of cesium=137 to strontium-90 and it was observed to vary
from 1.7 to 2.5 with the average value of about 2.% during this

periocd,

Pig.1(f) and Fig.2(f) (1959)
(Fig.1(£))
(Fig.2(£))

The radiocactivity of rainwater was meassured 104 times in 1959.
A higher concentration than 100 epm/1 (6 x 10°10 curie/l) was
observed 5 times in January, 10 times in February and in March, .
9 times in April, 6 times in May, 7 times in June, 8 times in July,
twice in August, once in September, or 58 times in total which
corresponded to about 55,7%. Higher concentration than 1,000 cpm/1
(6 x 1079 curie/l) was observed twice. Although no nuclear
explosion tests have been conducted in this year, a high degree
of radiocactive contamination of rainwater almost comparable %o
the previous year was observed to continue until August. Usually
a higher degree of strapospheric fallout may be expected at the
central part of Japan during the period from winter to spring
when the jet stream is at the southern part of Japan and a lower
degree of fallout in summer when the Jjet stream is at the northern
part of Japan. However, the unusaliy high degree of fallout
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in the first half of 1959 may be ascribed to the troposperic
fallout due to the intense nuclear testings in the fall of 1958
coupled with the higher degree of stratospheric fallout usually
observed in Springe.

A decreasing tendency of the radioactive contaimination of
rainwater due to the fission products of relative short half lives
which may be asctibed to the tropospheric fallout began to show up
distincetly after August., Judging from these findings it appears
more plausible to assume that the half deposition time of tropo-
spheric fallout would be of the order of about a month or so and
not very much shorter than one month. A higher precipitation per
unit area per rainfall than 100 epm/m2 (6 x 10~+0 curie/ma) was
observed 92 times which corresponded to about 87.5%. Higher
precipitation than l,OOO‘cpm/m2 (6 x 1079 curie/ma) was observed
46 times which corresponded to about 44,3%. Higher precipitation
than 10,000 cpm/m2 (6 x 1078 curie/mz) was observed once in 1959,
The annual total emount of precipitation per unit area was 1,064 x
10'6 c/m2 and the average radloactive concentration of rainwater
was estimated to be about 6.56 x 1074 pe/1 in 1959,

The annual precipitation of strontium-90 was 3.34 muc/hz
while that of cesium~137 was 7,63 mp.c/m2 with the ratlio of cesium=-137
to strontium~90 about 2,3, The average concentration of strontium=-90
was estimated to be about 2.0 puc/1 while that of cesium-137 about
4,7 ppe/l in 1959, The ratio of the activity of strontium~90 to
the annual total of the grossacti%ity of each rainfall was estimated
to be about 3.1 x 1072 while that of cesium~137 about 7.1 x 1072,

According to K.Kodaira, et alSH’ the exchangeable Sr90 in the
agricultural soil of the Pacifiec side of the Japan mainland which
was sampled in June 1959 was 10 mc/km2 on the average with the
highest wvalue of 1% mc/km2 and the lowest value of 7 mc/km2 with
the exception of one site where 26 mc/km2 was detected, while that
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of the Japan Sea side of the Japan mainland was 33 mc/km2 on the
average with the highest value of 36 mc/km2 and the lowest value
of 30 mc/kma. Judging from these findings the total fallout at
the Japan Sea side may be assumed to be roughly about three times
higher than that at the Pacific side.
Fig.1(g) and Fig.2(g) (1960)
- (Fig.1(g))
(Fig.2(g))
The radicactivity of rainwater was measured 79 times in 1960. -
A higher concentration than 100 cpm/1 (6 x 10710 curie/l) was
observed 6 times in March, once in liay and in September, or 8 times
in total which corresponded to abou% 10.1%, Higher concentration
than 1,000 epm/1 (6 x 1077 curie/l) was observed twice in early
March following the French test in Sahara in the middle of February.
Although three French tests have been conducted in Sahara in this
year, the radicactive contamination of rainwater due to the fission
products of relatively short half lives was observed to be much
lower except early March as compared with the previous years.
A higher precipitation per unit area per rainfall than 100 cpm/m2
(6 x 10710 curie/n®) was observed 31 times which corresponded to
about 39.3%. Higher prec¢ipitation than 1,000 cpm/m2 (6 x 1079
curie/mz) was cbserved 4 times and higher precipitation than
10,000 cpm/m2 (6 x 1078 curie/ma) only once early March following
the %ﬁf&ﬁg test in Sahara in the middle of February. The annual
totaIXE?‘ﬁ%ecipitation per unit area was 1,9 x 10'7 c/m2 and the
averags radiocactive concentration'of rainwater was estimated to be
about 1.73% x 10™% pe/l in 1960.
'The annual precipitation of gtrontium-90 was 2.08 mpe/m® while
that of cesium-137 was 4.3%0 mp.c/m2 with the ratio of cesium=137
to strontium~90 about 2.1. The average concentration of strontium-S0
was estimated to be about 1.9 ppc/l while that of cesium-137 about
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3.9 ppc/l in 1960, The ratio of the activity of strontium=-90
to the annual total of the grossactivity of each rainfall was esti-
mated to be about 1.1 x 102 while that of cesium=137 about
2.3 x 1072,
Fig.1{(h) and Fig.2(h) (1961)
(Pig.1(h))
(Pig.2(n))

The radiocactivity of rainwater was measured 45 times during
the period from Jasnuary to the end of August 1961, The rainwater
during this period was collected at Kinki University at Fuse City,
Osaka Prefecture instead of at the Osaka City University, at the
central part of the City.

The radicactivity was measured during this period mostly
with the low background counter manufactured by the Kobe Kogyo K.K.
whose background count was less than 1 cpm, but to enable the
comparison of the data of this year with those of the previous
years the scale of cpm in the figure was consitructed so that 100 epm
correspond to 6 x 1070 curie, -

The half deposition time of longer lived fission products may
be estimated to be about 400 = 800 days or roughly about 2 years
from the comparison of the ghkossactivity of fallout during the
period from Jan. to April 1960 and that during the same period in
1961 with the possible correction for relatively quickly decaying
components due to French tests and taking into consideration of
the decay rate of the longer lived comporents of the grossactivity
detected in the rain,

As can be seen in the figure, a higher concentration than
100 cpn/l (6 x 10710 curie/1) was observed only once in the middle
of February and none thereafter until the end of August. Although
one test was conducted by France in the Sahara desert towards the
end of April, a marked decreasing tendency of the radioactive
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contamination of rainwater due to relatively fresh products was
distinctly observed.

' A higher precipitation per unit area per rainfall that 100 cpm/m
(6 x 1070 curie/ma) was observed 10 times during the period of
observation in 1961 which corresponded to about 22,2%, Higher
.precipitation than 1,000 cpm/m2 (6 x 10"9 curie/ma) was observed
only once in June. The total precipitation per unit area up to
the end of August 1961 was 2.37 x 10'8 c/m2 and the average
radioactive concentration of rainwater was estimated to be a¥bout
3,65 x 1072 pc/l during the period of observation.

The precipitation of strontium=90 and cesium~137 during the
period from January to the end of August 1961 has not been measured,
However, assuming the over all effective decay rate of the
grossactivity to be about 50% from the comparigon of the decay rates
of grossactivities detected in 1960\and those detected during the
period from January to the end of August 1961, the ratio of the
activity of strontium~90 and cesium-137 to the total grossactivity
during the period of observation in 1961 may be estimated to be
about double higher than the ratio in 1960. From this assumption,
the ratio of the activity of strontilum-90 to the ‘otal grossactivity
up to the end of August 1961 may be estimated to be about 2.2 x 1072
while that of cesium=-137 sbout 4.6 x 1072, Using these values,
the precipitation of strontium-90 during the period from January
up to the end of August 1961 may be estimated to be about 0.52 mp.c/m2
with the average concentration of about 0,8 ppc/l while that of
cesium~137 about 1.1 mp.c/m2 with the average concentration of about
1.7 ppe/l.

The cumulative deposition of strontium-90 and cesium~137
estimated from the above data is shown in Fig.4, where the deposition
of strontium=-90 and cesium=-13%7 1s assumed to be 0.5 mc/km2 in
March 1954, As can be seen in the fiéure, the cumulative deposition

2
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of Sr90'and C5137 at the end of August 1961 may be estimated
roughly at abhout 17.3 mc/km2 and 33,64 mc/km2 resﬁectively in
Osaka district, as for as judged from the results of our
measurements., However, Judszing from the data reported from
different instituﬁes “é in Tokyo districts, a difference by
‘a factor of nearly two may sometimes be likely to result even in
the seme district and in the same month, possibly due to the
difference in the sampling place and method and to the difference
in chemical nature of the industrlial fumes and dusts included in
the rain. Therefore the above results should also be inbterpreted
as the one that would give merely an order of magitude estimation
for Osaka district. XEspeclally the value for 03157 and the ratio
Cs137/Sr90 appear to be considerably lower than those reported
for Tokyo distriet, One of the possible causes for obtaining
lower vélues for 03137 may be considered to be the possibility
that a considerable amount of 08137 may be adsorbed by the
particulate dust depcsited in the rainwater collecting vessel
during the one year period of exposure in the open and storage
and that a certain fraction of 05137 might be lost at the time of
taking an éliquot of the rainwater from the upper part of the deep
vessel as a sample for analysis,

(Fig.s)

In order to estimete the difference between the sample taken
from the upper part of the vessel and that from the bottom part,
an snalysis of the sample taken from the bottom part after mild
stirring was carried out with the method of leaching the insoluble
residue with 6N hydrochloric acid. The result of the analysis
indicated that the activity of 03137 of the sample taken from
the bottom part was higher by about 10 = 30% as compared with the
results obtained with the sample from the upper part, while that
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of Srgo ﬁigher only by a few percent or less than about 10% at
nost. Therfore the difference in 05157 may not be negligible”and
in order to estimate the upper limit of 05137 the previously
obtained results with the sample taken from the upper part of the
vessel should be increased by a factor of about 30%.

(Table 4)

If we assume the upper limit of 03137 to be higher than the
previously obtained results by a factor of about 30%, the annual
precipitation of 65157 may be estimated té be aboutb 2.8%%%2 in
1954 with the ratio Csi2?/sr’° about 2.2, 3.75 mpe/m® in 1955 with
the ratio C3157/Sr90 about 2.2, 5.0 mpc/main 1956 with ratio Gs137/Sr90
about 2.2, 6.5 mpc/m2 in 1957 with the ratio 05157/Sr90 about 2.6,
5.1 mpc/m2 in 1958 with the ratio 05157/81'90 about 2.6, 9.9 mp,c/m2
in 1959 with the ratio Cs127/5r?C about 3,0, 5.6 mpc/m® in 1960
with the ratic Cs127/8r? about 2.7, 1.43 mpe/m® in 1961 with the
ratio 05137/Sr90 about 2.7, and the total precipitation from April
1954 to the end of August 1961 about 43.1 mpc/m® with the over all
ratio 05157/Sr90 about 2.6, and the cumulative deposition at the
end of August 1961 may be estimated to be about 43.6 mg%ha assuning
the deposition of 03157 prior to March 1954 to be about 0.5 mpc/mz.
These estimated values for 03157 are also shown in the figure with
the broken line as the possible upper limit for Osaka district.
The results of these analysis of 05137 and Sr90 are summarized in
Table 4 together with the possible upper limit of 05137 estimated
using a correction factor of abouf %0%.

Assuming the correction factor of about 30% used to estimate
the upper limit of Csl57,'the range of variation in the ratio of
cesium~13%7 to strontigm-90 observed from early spring to summer
1958 may be estimated to be about 1.7 - 3.3 with the average value
of about 2.3 ~ 3.0 during the period,

{Table 5)
(Fig.5)
(Fig.6)
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TJable 4

Sl‘ 40 Cslﬂ'l
97
L>/
tetad per |awrage wtio & tolal per uverage tatio to o™
it area jcomertmbion]| yrovs 3 unit orea woncentration gross P
(muc/wa) | (ume /() (mac /m?) Luuc /e )
/1954 | 1.29 | 159 5642 10° | 420 ~ 286 | 270 ~ 357 | 960%10° % 1.25 2107 [ 1.70 ~ 2.22
1955} 7.69 | r.60 LE3x107° | 2,88 ~ 377 | 273 ~ 3.55 | 1.76210% 2.294,04 |1.70 ~ 2.25
195€ | 2,27 |1.53 4.60x/0" | 384 ~ 299 | 258 ~ 336 | 7782203 101 <10 |1.69 ~ 220
1457 | 253 | 1.75 6902007 | 4.96 ~ £.95 | 3544 ~ 42T | 1352007 w175 x y0# 196 ~ 255
7958 | 3.08 | 5,2 1025107 623 427 | 630 ~ 8.9 | 207x10° L p6q w103 2.00 ~ 2.68
79549 | 3.34 | 2.08 3.042703| 7.63 ~ 992 | 4.68 ~ 596 | 7164103 L 931 x 10" | 228 ~ 246
1960 | 2.08 | 1.89 | 1.095/07| 4.30 - 559 | 392 ~ 5.10 | 226x1G% . 294107 | 2.06 ~ 264
1961 | 0.52 | ¢.8 22x00%| rif cr1430 .7 ~ 220 |46 np0P . 598r 104 24 ~ 275
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Table 5: Total g]:ossa.ctivitj precipitated with rain (c/am?)

= 1954 1955 1956 1957 1958 1959 1960 191
1 29 x10% | 9.2 x10% | 1692208 | 2.9 x20° | 127x207 | 2.3 x20? | 1.23 x 207
2 55 2209 | 4.0 x120% | 1252208 | 8.5 x20° | 1261107 | 153220 | 3.9 x207?
3 1.36x108 | 5,35x10% | 2.85 x 108 1722107 | 8.3 x10® | 1mx10"? | 1.5 x 1077
a 9.0 x120°1°] 8.7 x20? | 219x10% | 1292107 | 1,00x10°7 | 9.6 x20® | 1.07x10° | 3.92x 120720
s 1692207 | L3wx10® | 2.77210® | 26022070 | 2.0 x10® | 3.22x107 | 7.1 x1i0 | 580 x27°
6 2052108 | 5,2 x10? | 2.00x1208 | 18321070 | 2.23x20® | 1.0 207 | 1.06 x200-] 107 x1200
7 2322108 | 7.0 2203 5332108 | 51972208 | 2032107 | 1402207 | 5.6 x10°% | 192 %100
8 5.0 x2019) 5.1 2100 | 449x20% | 6.0 210? | 357210 | 5.48x10° | 1632200 | 197 x 207
9 2.02x120% | 5.9 2107 | 1453207 | 3.62x120% | 1.63x207 | 1.20x20°° | 1.8 x 1078
10 8.2 x10? | 1.36x10® | s82x10® | 3.58x108 | 2.0 x20° | 1.28x10® | 2.03x 207
n 2.6 x10? | 8.08x207® | 1.22x20® | 1.91x120® | 1.56 x207 | 5.92x 10 "7} 3.00 z 207
12 a7 21072 | 1.2 x10°® | 2.4 x107? | 6.6 10 | a.51x 208 5.4 x1079 | 179 2 207
Totad 2292107 | 1,66 x1077 | 494 x207 | 3.67x207 | 3.00x 206 1,06 2106 | 1.90x1207 | 239 x 207
2.0 x10® [ 1,36 x20® | a1ex120® | 3.06x10® | 2.51x107 | 8.90x107® | 1582100 | 2,96 x 2077
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Monthly and annual totals of the grossactivity of rainfalls
are shown in Table 5 and in Pige.5 and 6. Monthly and annual
a#eréges of the radicactive concentrations of rainwater are given
in Table 6. The average radiocactive concentrations were estimated
by dividing the %otal precipitation of grossactivity per unit
area by the total amount of rainfalls per unit area,

(Table 6)
The frequency distribution of different degrees of radiocactives
contaminaticns in each year is shown in Table 7 with the radioactive
concentrations of rainwater and in Table 8 with the precipitations
of grossactivity per unit area. The relation between the amount
of rainfall and the degree of radioactive contamination of
rainwster is sghown in Table 9. As can be seen in the table clearly,
there is a general tendency that the percentage of higher radiocacbive
concehtration of rainwater is higher with the smaller amount of
rainfall, and that the percentage of lower concentration is higher
with the larger amount of rainfall.

(Table 7)

(Table 8)

(Table 9)

Prom the above data, the grand total of the grossactivity
of each rainfall per upit erea during the period from April 1954
to the end of August 1961 may be estimated to be about 5.54 p.c/'m2
or 5.54 c/km? Although there may be places where higher or lower
activity might have been measured even in the same district at
different parts of Japan, multiplying the above value by the total
area of Japan about 3.6 x 105 kmz, the total activity carried
over to Jaﬁén during the period of observation from April 1954 up
to the end of August 1961 may be estimated to be roughly about two
million curies or possibly three million curies because there are
places where higher rate of fallout than in Osaka has been reported,
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Table 6: Monthly averages of the radicactive concentration of coinwater (uc/p)

1

1954 [755 1956 7957 7958 795¢ 7960 19671
’ 20 x 1075 |402 x 107* | 392 x 1074 |1.05 x 107* | 126 x 102 | 595 x 10°% | 238 x 105
P 23 x 105 |00 x5 1067288 5 102,53 x 16 07 x 163|157 5107 | 585 xs0?
3 165 w g5t lo56 5 10%)2.79 x 10 * 073 x 0% 1870 x 10t | 2,64 5203 | 230 x 10%
¢ | 22500F oo x107 (1904 x 106 70F x 16% |7.50 x 153665 x 1071 | 645 n 167} 402 £ 10 4
s 220506 sts x 10 (307 « 10%(3.98 x 0t (1.6F x (07 050 x 03440 £ 10F ! 3,46 4 45*
s | %93« 107* 54 xeo5|232x 1005 A705 | 287 5 107069 x 02| 745 x 107 130 1074
7 | 128 0t |20 sxc0? (367 x 10%)136 x 107 |5.28x 10 |5.67 x 1077|490 x 16°F | 380 x 0™*
8 | 240 « 1075 | 605 2 107 {465 x 10 %45 x 105 [6,85 x10% 1260« (07113 x 10| 3.28 n 055
¢ | 260 x 10 | 1025 10°% |5.01 1071149 x 10| 252 x 162145 x10°%|1.25 x 10t
10 {2715 10|28 0% (330 x 1071155 x 0% | fi22 x 16% |12 x 107|330 x 10
70 |uson 0?0925 0F 2385 50t |518 x 0% | 277 x 163 | 368 10675 | 070 x t6%
12 | gtr w0t £26 x 10207 x 107¥|2.87 x 10 |1.08 5105 |73 x 1075 (280 5 107
A 281 xr0t | 1850 107% 1338 x 10% | 256 « 10t |320 n107? s.55x 107 | 1,73 10*|364xs0°
% Averge conceniration was cstimated by dividing the total precipitation of

xadioachivity

par vmit arxea by the folal amounl of minfall

per vmit area.
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Table ! Rain

R € | sx107% | ox 10710 ¢ )

L bx10 370710 4 x 1077 b5 10-? 6x107°( e

O~ 16 | 16 - 50 50 -~ 100 | 100 ~ 1000 7000<

. % No. | % No. % No. % Mo, | % o, % :
7954 24 | 348 | 32 | 464 4 - 58 8 | 116 1 69 /007
7955 36 | 405 | 40 |450| 3 | 337 10.1 1 12| 89 | - }
7956 /15 134 | 357 | 5330 26 |232) 32 | 286 b4 177 112 .
7957 /12 1140 | 29 | 337 | 22 | 256 | 22 | 256 ! 116 | 86 " 5
7958 834\ 15 |179 834 45 |535| 10 |r19 | 84 | - N
7959 7 673 22 212 17T 164 | 56 5:5.8' 2 1.92| 104 “ ‘
71960 37 (468 29 |367| 5 | 633 6 | 76| 2 | 253 79 | |
79671 30 |66 13 | 289 1 222 f |-222 O — | 45 ! 4 }
—
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Table 8 ! Rain
6510 | sx0® | 6x10°7 | sx10% ‘
<b\/0"” 5% 700 5.:/0_’0 bat0? bx 1078 bx /0'£< e
a-— 10 10 -« 50 | 50 -~ 700 | 100~ (000 | 000~ [0000 0000 <
M, | % Mo, | B o Ae | B AN | B LA | % | e |G || B
? |r30]| /3 {188 ¢ [ s50| 36 | 520, 4 1451 145 | 6% | ro0
27 {303 18 |202| r0o |2 | 31 | 349} 3 |337] o — | 8|
7 | 25| 14 |s25| 14 725 | 54 [482| 23 (2054 0 | — Iy 2| .
2 | os3| o | 698! & | ses| 57 |es2| 12 |163] 1 [126] 56 | .
0 — & L 595 217 |rag | 35 LT\ 24 (286 @ |7 | 84 |
i 288 2 /92 7 | 672 46 |44Z2 | 45 433 ¢ 086 | 104 .
8 |ror | 22 (278 | 78 |228 | 27 {342 3 | 3580 r26| ¢ | +
Y lzoo |77 |422 7 (7156 | ¢ |20 / zz2| O 45 “
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Table 9 @ the relstion between the radiosctive contsmination and the

amount of rainfsll during the period from April 1954 to

December 1958.

%\_\C A < bero 6x (0™, Ix1079 _ 6x107% rro?
-4 - -
%'Q7S:'~;";e\ Fx1070 6x (0710 ox 1077 Total
Rasfall ‘\ O~ 70 10 ~ 50 30 - 00 100 ~ {000 000 <
(m. M\ No. % No. % Mo, 7 Ne. 7 Mo % No. 7%
O~ /1 5| 526 8 52 6 68| 25 | 2158 4 267 48 | 1085
£~ /0 ¥6 | 269 74 48.0 34 54.9 64 | 552 6 400 | 214 | 484
10 ~ 20 19 } 200 | 3¢ 2001 | 75 | g42 10 863| 3 200 | 78 | 1765
20 ~ 30 10 | 1052 24 75.6 2 323 ro0 863 2 133 48 | r085
50 ~40 7 737 r0 65 2 323 2521 o - 2z | 498
40 ~ 60 /2 | /263 3 1.95 0 —_ 4 345 0 — 19 43
60 < 6 632] 4 26 4.84 0 - 0 - 13 294
Totad 95 ls00.0 | 154 700.0 62 |rooco | 776 roo.0 r5 700.0 | 442 | 100.0
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Table G¢b); The relation between the radioactive contamination and the

amount of rainfall during the period from Jhnuaxy 1959 to

August 1961.

i ~10_, -1 .
<éx " ’ "‘;‘1 ;;:/o 5122 1077 6!‘6/#0/0:\; 6x107< Total
Ranfall O~ 10 70 ~ 50 §0~ {00 700 - 1000 1000
(mwm) NG, 7% No. % N, 7 o, % Ao, % No %
0~ o 5 6.95 6 924 / 455 4 635 2 500 | 78 ¢.8
1~ 10 32 | 445 35 | 539 5 59.¢ 54 54,0 2 50.0( 16 | 494
10~ 20 /7 | 236 72 18.5 5 22.7 74 22.2 0 - 48 18.9
20 ~ 30 6 835 é 724 2 g1 9 j4.3 0 — 25| 106
730 ~ 40 5 &.95 7 154 7 455 1 .59 0 - 449
40 ~ 60 4.16 - 0 - ! 159 0 - 4 544%
60 < 555 & 7.7 0 = 0 — 0 — 9 32¢
Total 72 700.0 65 | ro0.0 22 |jo00.0 63 100.0 4 00,0 | 226 |s00.0
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Table 9 «¢): The relation tetween the radioactive contaminetion and the

amount of rsinfall durine the veriod from Apnril 1954 to

Aueust 1v6l.
-1 -1 - 10
bugotl £ ::i /o/t/f" j;:omf,", “;: ; ot sxt077¢ ot
&~ (0 70 ~ 50 50 ~-100 100 ~ (000 7000 < )
Mo 4 N, 7% Wb, b Ao, 2% Ao, 4 Ao, %
O~ 1 70 7?2 14 64 7 ' 83¢| 29 | r6.2 & 3.6 b6 7.8
S~ 10 68 |406 | 109 408 | a7 ls60| 98 | 548 | 8 |4z21 | 350 |42+
70 ~ 20 56 |ziex| a3 |95 | 20 |238| 2¢ |34 | 5 |158 | 126 | 189
20~ 30 76 956 20 737 4 £76) /7 106 | 2 0.5 | 71 | r0.6:
3¢ ~ 40 2 7191 17 5ozl & 3571 4 224 o - 30 449
40 ~ 4o 75 | 97| 3 | sa7 — 280 0 | _ | 25 | zee
60 < 10 s597| ¢ art | 3 357 - 0 — 22 329
Totad 167 |r000 | 209 (1000 | 84 000 | 179 |tw0 | 19 |re00 |468 £00.0




The grand total of the activity of Sr90 during the period of
observation may be estimated to be about 16.8 mc/km while

that of 03157 sbout 33.14 - 43.1 mc/km in Osaka district.
Multiplying the above wvalue per unit area by the total area of
Japan, the total activity of Sr9° and 05137 carried over to Japan
may be estimated to be roughly about 6 x 10> curies of Sr°° and
1.2x10*-1,6x 10% curies of 03137. However, since about
three times higher precipitation than the above value are estimated
at the Japan Sea Side of the Japan Mainland for Srgo and 08157,
if we assume about double the above value as the representative
figure for Japan, the total activity of Sr9° and 08137 carried
over to Japan during the period from April 1954 to the end of
August 1961 may be estimated roughly at about 1.2 x 10 curies of
5r?0 and 2.4 x 10* - 3.1 x 10* curies or €157,

The Padioactive fallout was also measured by exposing the
greased paper with the surface area of about 0.1 m2 during the period
from Feb. 16, 1955 to Dec. 31, 1957. After exposing the greased
paper for a certain period of time, the paper was wrapped up and
completely ashed in the electric furnace. The beta activity of
the ash was measured usually one to two days after sampling. The
results of measurements are shown in Pig.7 in unit of cpm/m as
well as in unit of c/h When the exposure period is longer than
a few days, the efficiency of collecting the radicactive dust
appears tvo drop considerably. In 1955, the radioactivity of the
dust collected by the greased paper was measured 46 times and the
total number of days of exposure was 225 days with the average
exposure period of 4.89 days or roughly about 5 days. The total
of the grossactivity detected from the exposed paper was about
5.11 x 10™ -8 curies/m with the average grossactivity per one day
of exposure about 2,27 x 10~ 10 ouries/m -day. The total of the
grossactivity detected from the rain collected during the period
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from Feb, 16 to Dec.3l, 1955 was about 1.58 x 10~7 curies/u2,
(Fig.?) :

Therefore, the total of the grossactivity detected by exposing
the greased paper to air may be estimated to be roughly about
22% of the total grossactivity detected from the rain with the
average exposure period of about 5 days im 1955. In 1956, the
radioactivity of the dust collected by the greased paper was
measured 175 times and the total number of days of exposure was
%52 with the average exposure period of about 2.01 days or roughly
about 2 days. The total of the grossactivity detected from the
exposed paper was aboubt 3.46 x 10'7 curies/m2 with the average
grossactivity per one day of exposure about 9;82 x 10"10 curies/mzr

The total of the grossactivity detected from the rain was
about 4.91 x 10-7‘curies/m2 in 1956. Therefore, the total of the
grossactivity detected by exposing the greased paper to the air
may be estimated fo be roughly about 71% of the total grossactivity
detected from the rain with the average exposure period of about
2 days in 1956.

In 1957, the radioactivity of the dust collected by exposing
the greased paper to the air was measured 155 times and the total
nrumber of days of exposure was 285 days with the average exposure
period of 1.84 days or roughly about 2 days. The total of the
grossactivity detected from the exposed paper was about 1.92 x 10~7
curiés/m2 with the average grossactivity per one day of exposure
about 6.73 x 10710 curies/m®-day. The total of the grossactivity
detected from the rain was about 3.67 X 10—7'curies/m2 in 1957,
Therefore,'the total of the grossactivity detected by exposing
the greased paper to the airfmay be estimated to be roughly about
54% of the total grossactivify detected from the rain. BHowever,
since the total number of days of exposure 285 days corresponds
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to about 7&% of a year, if we assume about 78% of the total
grossactivity detected with the rain per year may correspond

to the total grossactivity for 285 days, the percentage of the
grossactivity detected by the exposed paper to that by the rain
may be estimated to be roughly about 70% with the average exposure
period of about 2 days in 1957, This percentage is roughly about
‘the same order of magnitude as that of the previous year,

The frequency dlstribution of the radiocactive deposition as
detected from the exposed paper is shown in Tables 10 and 1l.

As can be seen in these tables, the radicactive deposition was
clearly observed to have been lncreasing during the periocd from
1955 to 1957.

(Table 10)

(Table 11)

From the above analysis, it may be estimated that the over
all efficiency of detection of radicactivity by exposing the
greased paper to the air with the average exposure period of
one to two days is roughly about 70% as comparea with the
grossactivity detected by the method of collecting the rainwater.
However, the efficiency of detection of grossactivity appears to
fall down to roughly about 30% with the average exposure pericd
of about five days as can be seen from the comparison of the data
obtained in 1955 with our method of detection,

The monthly totals of the grossactivity detected by the
exposure of greased paper to the air during the period from
Feb. 1955 to Dec, 1957 are summarized in Fig.8.

(Fig.8)

The infinite plane gsmma ray exposure dose at a height of
about one meter during a 30-year period from the total radicactive
fallout as measured by the method of collecting the rainwater during
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the period from April 1954 to the end of August 1961 may be
estinated to be roughly about 109 mrad with the method described
in the previous papeglas 8 total sum of the estimates based upon
the effectivéﬁ%f the grossactivity of each rain,

However, if we assume double the total radicactivity estimated
from our measurements would be the representative vslue for
Japan as discussed in the above, the infinite plane gamma ray
exposure dose during a 30-year period may be estimated to be
about 218 mrad. Since there may be a difference by a factor of
nearly two in the measuremente of radioactivity depending on the
location and the method of collection of rainwater, the 30 year
dose in Osaka district may be estimated to be roughly in a range
of about 109 = 218 mrad.
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(1IX) Discussion and Summary

In the case of the American and British tests in the Pacifie
or the Soviet tests in the Arctic or Central Asia, the first
circult of radicactivity was usually observed to arrive in Japan
a few days to about a week after the nuclear detonation. These
radioactivies observed in the first circult may be ascribed
mostly to the tropospheric fallout with the apparent initisl
half decay period of the order of zhout a few days., The effects
of the American tests in Nevada and of the French tests in Sahara
~were observed in Osaka about 10 -20 days after the nuclear tests,
but the British tests in Australia in the Southern hemisphere
could hardly be distinguished from the radicactivity measurements
of the dust included in the rain in Japan.

This might probably be due to the fadt that the diffusion
of the radicactive dust across the stable air barrier between the
Southern and the Northern Hemisphere is slow and is not likely
to reach significant proportlons in the time required for a major
fraction of the dust in the troposhere to be deposited. Therefore
the part of the radloactivity that spread in the troposphere at
the time of nuclear detonation may be considered to be confimed
mostly to the hemisphere in which the nuclear tests were conducted,
although the part of the fine radioactive dust that was injected
high up into the stratosphere may be considered to be distributed
all over the entire earth's surface.

The radioactivity of the rain was measured 668 times during
the period from April 1954 to the end of August 1961. The annual
total of the grossactivity detected per unit area by the method
of collecting rainwater was 2.29 x 10-7 c/m2 in 1954, l.64 x 10'7
¢/v® in 1955, 4.94 x 10~7 c/m? in 1956, 3.67 x 10”7 c/m? in 1957,
3,01 x 10°° c¢/m? in 1958, 1.064 x 10°° c/w? in 1959, 1,90 x 10~/
c/m2 in 1960, and 2.37 x 10™8 c/m2 in 1961, or roughly about
5.54 pc/m2 in total during the period from April 1954 to the end
of August 1961.

The annual average concentration of rainwater was estimated
to be 2.81 x 107% pe/l in 1954, 1.55 x 10™% ye/l in 1955, 3.34 x
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107 pe/1 in 1956, 2.54 x 1074 pe/l in 1957, 3,2 x 1072 pe/l in
1958, 6.56 x 10™% pesl in 1959, 1.73 x 10™% e/l in 1960, and
3.6%x 10~ pc/l up to the end of August 1961,

Phere was a general tendency that the frequency of higher
concentration was higher with the smaller amount of rainfall,
while that of lower concentration higher with the larger amount
of rainfall,

From the comparison of the data in 1960 and those in 1961 the
f£alf deposition time of the relatively longer lived componehts of
the gross activity was estimated to be about 400 - 800 days or
roughly sbout 2 years with the correction for the posesible effects
due to French tests. '

¥ultiplying the tktal grossactivity per unit area 5,54 u.c/’m2
by the total area of Japan, the total radiocactivity carried over
to Japan during the periocd of observation may be estimated to be
roughly about tﬁb”ﬁ§¥315n curies,

The grossactivity of the dust collected on greased paper was
also measured 376 times during the period from Feb. 1955 to the
end of Dec. 1957. ~Comparing with the grossactivity detected by
the method of collecting rainwater, the effieciency of detection
of radioactivity by exposing the greased paper to the air was
estimated to be about 30% with the average period of a single
exposure about 5 days in 1955, and about 70% with the average
period of exposure of about 2 days in 1956 and in 1957.

At the open place where there would be no hindrance in collecting.
the highly radioactive initial rainfall and at the closed place
surrounded by the trees or bulldings, it was not unusual to find
a difference by a factor of more than two ih the amount of collected
radiocactivity. This difference was especlally large when it was
windy. Depending upon the sampling location and method it was
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oftentimes experienced to find a difference by a factor of two
or three in the amount of detected radioactivity even in the same
district. Therefore, it .is not surprising to find a difference
by a factor of nearly two or so in the amount of monpthly deposition of
Sr9° reported by the Japan Meteorclogical Agency(?’\ and that by
Izawasll) et al for Tokyo district, although the two sampling
places are 6nly a few kilometers apart in the City of Tokyo.
The cumulative deposition of strontium~90 and cesium~137 =t
the end of August 1961 was estimated to be about 17.3 mc/km2 of
Sr90 and 33,64 - 43.6 mc/km2 of 09157 respectively, assuming the
dep051tlon of strontium-90 and cesiumn~137 in March 1954 to be about
0.5 mc/km in Osaka district. The total amount of Sr9 carried
over to Japan during about seven and a hslf years period of
observation may be estimated $0 be roughly about 6 x 103 - l.2=x lO’+
curies, while that of cs1?? sbout 1.2 x 10% - 2.1 x 10% curies.
Although the ratio of cesium=137 te strontium~-9C was estimated
to be about 1.7 ~ 2.2 prior to 1957, the over all ratio during
the period of observation was estimated to be roughly about
2 =~ 2.6. TFrom the analysis conducted during the period from spring
to summer in 1958 the ratio of cesium-137 to strontium=-90 was
estimated to wvery from 1.7 to 3.3 with the average ratio of about
3.0 during this period,
According to the monthly measurements conducted by Izawa, et
al during the period from August 1957 to June 1960 in Pokyo
district (Pokyo and Chiba), the ratio Cs 3'7'/81:- was observed to
vary from 1.7 to 8.2 with the average ratio -of.about 2.8 during
this period, Even in Tokyo and 4in Chiba which-is an adjacent
eity to Tokyo, the ratio Cs /Sr 90 | was somletimes observed to be
different by & factor of about two even in the same month and even
with the same method of analysis conducted by the same person,
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Judging from these observations, there appears to be a consider-
able seasonal as well as local variations in the ratio o:b "
cesium-137 to strontium-90 in the fallout. Therefére théﬁ%f% ratio
of ceaium-137 to strontium-90 in'Japan may be assumed to be roughly
in the range of about two to three on an average..

The reason for such a wide variation in the ratio of cesium-137
to strontium-90 is not exactly known. The yield of: cesium~137
and strontium~9Q may be different depending on the type of nuclear
weapons, The fraction of strontium-90 and cesium-137 escaping
the local fallout and traé%orted to a remote place may be different
depending on the type and condition of nuclear detonation. The
longer physical half l1life of inert gas parent of cesium-137 as
compared with that of strontium~90 may cause the ratio‘05137/Sr90
tend to be higher at the remote places. than in the local fallout
under certain conditions, elthough what may be considered chemically
inert gas may be in a highly active state with most of the orbital
electrons stripped off at the time .of nuclear detonations.. There
may be various meteoroclogical factors, which may cause some
fractionation or selection of certain nuclides during transportétion
of a mixture of radicactive substances from the site of detonation
‘to the site of sampling, .

However, it is rather difficult to explain the local variation
in the adjacent cities like Tokyo and Chiba during the same period
of observation with the same method of analysis. One of the possible
causes;ggr sggaea variation might be due to-the difference in the
chemiCéi%na%nre of the local industrial dust and :umes as well as
of the naturally occurring dust or chemical components included
in the rain which may be different locally as well as seasonally.

It may also depend on the method of sampling, what kind of vessel
we may use for collecting rainwater, or whether the particulate
dust included in the rainwater would be completely filtered off
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prior to the chemical analysis or whether only an aliquot of
supernatant water will be used for analysis without completely
filtering or without complete stirring of the sedimented dust, or
whether the analysis would be made with the rainwater including
dust sampled from the bottom of the raipnwater collecting vessel,
Depending upon the chemical and physical nature of the vessel
walls and the dust included in the rain there may be a possibility
of fractional adsorption of. certain nuclides and depending upon
the chemical components of the rain this degree of fractionation
may be affected considerably. Especially when the rainwater is
sampled in the industrial area or near the chemical reserch
institute, we must be careful ebout the nature of the dust and
fumes of various types, hoﬁ to speak of the dusts and wvapours of
the varlous radioactive substances occasionally used in the
laboratory or factory. Whether the hydrochloric acid gas or
nitric acid gas or other various types of inorganic gas or dusts
are coming out of the draft chimney of the nearby laboratory or
factory, or whether various types of organic gas or dusts are
belng exhausted from the chimney during the period of collettion
of rain water might cause the difference in degree of fractionation
depending on the methods of sampling prior to the chemical analysis.
Even in Osaka district, the decay rate of grossactivity of the rain
collected on the same day at the Osaka City University and at the
Osaka Prefectural Central Radiation Laboratory in the suburb of
Sakai City which is adjacent to Osaka was occasionally observed
to be considerably different after the Prench test in Feb. 1960
in spite of the fact that the method of measurement of radioactivity
was very much the same,

In the country districts sometimes a considerable amount of
pollen-is included in the rainwater sample in spring besides
the famamous yellow sard from the continental China.
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In view of such difficulties in the standardization of the
location and method of collecting and sampling the rainwater our
data should also be regarded as the one that would give an order
of magnitude estimation of the radiocactive fsllout for Osaka distriet
and the difference in the total radiocactive fallout by a factor
of less than about two detected in the past at different sites
may not be regarded as the essential difference for the different
districts or areas where the sampling sites are located.
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The Resdioesctive Contamination of Human Body by Brgo and 05157 and
its Corelation with the FPallout Rate and Ground Deposition

(I) OConcentration of 5r7°

Phe radicactive contamination of human bone by Sr9° was
meagured with about 60 samples of human bone during the psriod
from Jan., 1957 to July 1959. The results of these analysis
nave been reported to the United Fations Sclentific Committee
on the Effects of Atomic Radiation through Prof. Hiyama of Tokyo
University.

(1) Hethod of Analysis

The sample of human bone was first ashed at about 900°C
for about 4 hours in the electriec furnace. The ashed bone was
then pulverized and put in the centrifuge tubse, about 5 gm of
the sample in each tube with the ecapacity of 2dbout 250 ml, The
smount of ashed bone used for the snalysis was about 10 - 20 gnm.
Sr9° was separated ss strontium nitrate g&fter the addition of
Brecarrier from 75% nitric acid aélutiongl)(a After walting for
gbout 14 = 20 days for the growth of 790’ !90 was separzted from
Srgo according to the ion exchangs mathod described in the previous
papersz) An esxample of the decay curve of the beta activity of
yttrium fraction separated in thim way is shown in Fig.l.

(Pig.l)

Phe activity of Sr 0 wag estinmated from the beta activity
of 190 by extrapolating back to the time of separation from Srgo.
The existence of Y9° was confirmed by the half-line of approximately
64 hours., The beta setivity was measured by the 2s-counter, 4%~
counter ag well as by the low back ground deta rsy counter.
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An aliquot of each sample was reserved for the determination
of calciums3) The calcium is precipitated as caleium oxalate, which
i8 inscludble in aikaline solution, by adding & soluble oxalate
to the solution of the calcium seslt, The precipltate is filtered,
and dissolved in dilute sulphuric acid, Free oxslic acid is formed,
which is titrated with a standard solution of potassium permanganate,
The concentration of 8290 is expressed in strontium unit (5.7,.)
which corresponds to luuc of Sr90 per 1 pram of calcium. Théf%ﬁman
bone of 7D kg etandsrd man is assumed to contain adbout 1l kg of
caleiumt®

{2) Results and Discussion

The results of measureusents of Srgo ars suumarized in Table

I « IIXI, together with the possible atatistical error estimated

(Table I)

(Pable II)

(Table III)
from a geries of measurements of activity. The average concentrstions
of 5299 estimated for different age groups are shown in Table IV
and Plg,2, As c¢can be seen in the table, 88 a general tendency
the average concentration of Sr9° in the bones of the children
younger than 10 years is higher than thet of the adults and the
average concentration for the age group of 5 to 10 years is more
than three times higher than that for the adults order than
30 years,

(Table IV)

{(Fig.2)

This might probadbly be due to the fact that the children's
bone is now being actively wade of the calcium with higher concen~
tration of Srgo, while the adults' bone is already made of the
c1d caleium with lower concentration of Srgo.
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A YA

5270 Concentration of Human Bones (Prom Jan.1957 to the end of 1957)

Zable
No. Bex Aze 1t date Bons Ca/z ash Srgalg ca Cause of Ueath

1018 F 2273 1957 1 KPERUZS of oea 039  1.46 # 0,11  myeleic Leukemim

22 P 19 * 2  Pemur 0,36 0,34 + 0,08 Kephritis

301 ¢ 1 ?2/12 "3 " 0.36 0,35 ¢+ 0.12 neumonis

402 M 23 1/2 "3 * 0.38 1,01 2 0,11 lovar Pneumonie

505 M 26 1/3 "5 M;;t " 0.40 0.73 ¢ 0,17 Soponific Poisoning

606 N o " 5 Girterent vones 0-37 0.08 4 0.10  Stillhirth (Prez.X.g.m.)

707 P 82 " 5 Femur 0.40 0.71 + 0,12 Gastroenteritis

& 08 3 41 "5 " 0,35 0.35 ¢+ 0,13 Cancer of the breast

9 N3 3 5/12 " 5 long Bonea,dib, 0.36 0.85 ¢ 0,23 Gastritis

: VYertetral column

1000y P 79 " 6 Femur 0.40  0.25 » 0,17 Nephrosklerosis
1 010 P s " 6 " 040 1.21 ¢ 0,17 asphyxia
12011 ¢ ?/12 " 6 Femur, Verterral 0,37 0.81 + 0.08 Measles
13012 F 30 "6 " column 5 35 0.25 ¢ 0.13 Hesrt Digease
14 013 A& 28 " & Femur 0.39 0.05 + 0,05 Hemiplegia
15016 M 7 11/12 " & Rib, Vertebral 0.38 1,75 ¢ 0.1l Asphyxia

colunn
16 017 F 19 5/12 " 6 Rib 0,37 0.35 ¢+ 0.10 Heart tailure
17018 59 " & 3kull, Femur 0,38 0.23 ¢ 0,07 Sepsis
180y ¢ & S5/12 " 6 Rip, skull 0,32 . 0,20 ¢ 0,08 Meningitis
19 020 M 46 " 6 Rih, Vertebral 0.36 0.07 » 0.05 Heaat failurs
. coluan
W . » hixture of . 0,14 Encevhariei
2045 F nA2 7 different bones 0.38 0,65 ¢ 0.13 noevhardtis .
21 %6 i o) L Famur 0.37 0.14 ¢ 0,05 Cancar of the Stomzok
2200 KPP preg.VIV, " 4,5, kixture of 0.37 0.02 ¢ 0.08 Avortion
p' §,,f‘ * 6'5' different bones =
25072 MK M preg.VI, " 72,7, " 0.357 0,35 ¢ 0.0% A
YOI, VI, g2, B
24 OP5 M P ¥ prox,VILVI,* 8,9 0.38 0.41 3 0.09 "
n VI, VI, 2.n. 10,10

030saka, WsWskaysna, OPtPetus in Oazke,. Preg.= Pregnancy, g.%.

= gravidal month



8r%% Concentretion of Eomen Bones (Prom Jen.1958 to Deo.1ysa)

Iable IX
Bo. Bex  4A® 3% Date:  Done Ca/e ash 8290/ ca Cause of Death
aso2 » 12 1958- 1: SITRATS Of s 0:37  1.70 ¢ 0,17 Proumonis
260235 P 1/a LI | . 0.37? 0.28 4 0,09 Heningitis
27020 M o ° 1 ® 0.38  0.02 3 0.09 8£111b1reh (Preg. I g.2)
2802 N 57 » 1 long Bones,Rib, 0,36 0.23 2 0,10 Chronie ileonoliss
Vertabral colums
29026 P 57 e 1 long Bones, 0,38 0.12 3 0.08 Cancer of the liver
20 Vertedbral columh
30031 H 13 1/6 . 6 TFesur 0.3 0.51 ¢ 0.09 Fapayelorhthisis
31032 ¥ 4 1/3 . 6 . 0.37 0.38 £ 0.09 Acute mysloic Leukemico
3203 » 4 11/12 . 6 . 0.36 0.86 ¢ 0.09 Acute Enteritis
330MrPr O * B K o emes O*X 0:13 30,09 Premature
3 035 P 1/8 . 6 ° 0.37 0.83 ¢ 0,20 Pylorus Stenasis
35037 16 ?/12 . 6 TYomur 0,37 0.27 ¢ 0.07 4Acute Poeumonis
36 038 M a1/6 * 6 . 0.37 0.57 ¢ 0.09 Heart feilure
37 039 ¥ 22 * & Mizture of 0.37 0.90 ¢ 0.09 respiretoiic paralysis
differsnt bones
38040 X 1 1/3 =6 * 0.37 0.28 ¢ 0,08 P 5 cerci
39041 KK 3} L . 0.38 0,07 3 0,08 Btillbirth (Preg. X g.5.)
a0 0A2 TP 1/x . 6 long Bones,Bib, 0,37 0.35 3 0.08 Prounonia
Vertedral column
A1 083 k& ] [ :m :tb““ 0.36 0,42 & 0,19 Frematurs
22085 18 11/12 ° 6 Femur 0.57 0,08 ¢ 0.11 Asphyxis
a3 047 X 18 1/a ®* & Rbd, Mbis 0.37 0.47 ¢ 0.09 Beart failure
4 08 K M [ * & Hixture of 0.37 0.56 ¢ 0,09 BeALIbirth (Preg. X gom.)
different bones
45050 P 5 012 ® 6 Femur 0.37 0.75 2 0.09 Rateritis
46 051 ¥ 7712 ® 6 Nixture of 0.32 1,10 ¢ 0,08 Preumonia
different bones
47 050 M 11 512 " 6 Penur 0.37 0.30 % 0,07 Cerdiss Asthss
s2o61 7 15 012 "6 " 0.36 1.47 ¢ 0.08 Boart failure
49 Oas r‘ 2 512 t o e o Tiones 036 0.25 s o1 . .
50 06 B 13 1/3 ® 2 Pemur 0.36 0,75 2 0.09 Loukemie
5105 B 6 2/3 L 4 * 0.37 1.29 s 0.08 Poeancaie
S2052mA¥ [} ® 12 Kixture of 0.37 6.12 ¢ 0.07 Presature
different bonse .
53053 7 22/3 * 12 long Bones, RI® 0.3 1.08 3 0.07 snetm of Sho orull
54 058 N 3/% s 12 0.37 0,17 ¢ 0.07 Dyspepain

Kixture of
different bones

=233~



~¥ce-

Srgo Concentration of Human Bones (From Jan,1959 to Jnl.1959)

Table IIX

No. Sex ﬁ$¢ %gath Date Bone Ca/g ash Srgo/g ca €ause of Death

55 062 M 1 3/12 1959 1 Mixbure of 0.37 0.91 %+ 0.08 Fracture of the
different bones skull

56 063 M 7/12 v 7 " 0.37 0.39 + 0.08 measles Pneumonia
57 064 - F 22.4/12 " 7 " 0.37 1.17 + 0.09 Death by drawning
58 065 N 9 1/12 " 7 " 0.37 0.5% + 0.07 Ekiri
59 066 M 1/12 " 7 " 0.37 0.59 + 0,07 Ikterus neonatorum

gravis
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Table IV

Age Year 5r%° in Bumen Bone (8.U.) Average - AVE;Z;;
Fetue 1957 | 0.02 0.0 0.35 0,41 ' 0.205
Sti;lbprn = 1958 | 0.02 0.07 0.12 0.13 0.2 0.5 0.221 0.214 (10)
] 1959
1957 | 0.65 0.82 0.7%0
. - 1Y, 1958 | ©0.17 0,28 0.35 0.82 0.83 1.10 1.70 0.751 0.699 (11)
1959 | 0.39  0.59 0,490
1957. | 0.35  0.85 1.2L 1.45 0.968
1Y, - 5Ys. {1958 | ©0.25 0.38 0.57 0.70 0.75 0.86 .04 0,665 0,778 (12)
1959 | 0.91 0.910
1957 | 0.20  1.75 _ 0.975
5Ys. - 10Ys.{ 1958 | 0.93 1.29 1.110 0,940 (5)
1959 0.53 0.53
1957 0.34 0,35 0.345
10¥s. = 20Ys.| 1958 0.08 0.27 0.28 0.30 0.47 0.51 0.75 1.47 0.516 0.482 (10)
1959
1957 | 0.05 0.25 0.73 1,0) 0.510
20Ys, - 30Ys.| 1958 0.642 (5)
1959 1.17 1.17
1957 | 0.07 0,14 0.23 0.25 0.35 0.71 0.291
30Ys. - 1958 | 0.12 0,23 0.175 0.262 (8)
1959




Age Group

I : Fetus Stillborn ~ iM
T:IM ~ 1Y
M: 1Yr ~ 51s
W: BYsis ~ 10Yrs
S.u. Y 4OYes ~ 20Yrs
7201 VI 20¥ks ~ 30Yts
U 30Ys ~
|
—
0.5} B
o
o — ||
Age Group

Fig.Z'.Concentmtiqn of St in Human
Bone in Strontium Unit (Srqo ,U/“C/g—Co.)
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The highest concentration during the period of observation
is found among the children to be about 1,75 8.U,. Although the
yileld of chemical analysis wae estimated to be about €0 - 80%,
taking into consideration the possible range of error in the
estimation of the yield in radiochemical analysis besides the
statistical error estimated from a serles of measurements of
activity indicated in the table, this might be interpreted as to
correspond to roughly about 2 8,U..

During the period of measurements, we have occasionally
encountered a few cases with considerably higher concentration
of Srgo. The concentrations as high as 2,3 = 4,8 B,U. were
detected in the fetus and the child, the bone samples of which
were obtained from the crematory. However since the past history
of such cases was not ¢lear, the cases with unusually high concen-
tration have not been reported.

In connection with thia, it should also be noted that most
of the cases examined in our laboratory and listed in the tables
are pathological ones and the resulte msy not be considered to
be representative values for the average normal people and the
average values shown in Pig.2, may be considered somewhat lower
than the representative values for the average normal person,

The concentretion of Sr2° in human bone mey grestly depend on
the food habit of the individuals, According to the white paper
on the citizen's nutrition(a)\published by the Pubdlic Health
Division of Osaka City Government, the calcium source in the
average dlet may be assumed to be as follows: about 260 mg
from cercals and vegetables, about 20 mg from milk and dairy.
products about 100 mg from fish and marine products or abput
380 mg in total on the average. In 1956, the radiocactive
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costaminstion by Sr?0 wes ebout 49 B.U. in polished white rice
about 9.&%%1n vegetables, about 2.9 8,U, in milk and dairy
products, ahout 0,29 8,U. in marine rishSS) In 1957 and 1958, the
radicactive contaminations of white rice and vegetables were about
24,2 2nd 56.4 S.U.. From these flgures the average deily intake
of Brgo during the period of observation may be estimated at about
S = 13,4 puce '

In certain part of Osaka, it has been encouraged for the
adults and children to take brown rice to maintain health because
it i2 rich in vitamins and minerals such as caleium, However, the
radioz¢ctive contamination of bPrown rice Ly Br9° was reported to
be unusually high during the ggriod of obgervation, reaching as
high as 81 = 250 8.U. The Br’  concentration in the food served
at the hospltel may be much lower than that for the average
healthy person, because only the well polished white rice isa
usually served for the patients beslides various medicines with
possibly much less coantamination of Srgo. Therefo»e, depending
on the food hablt and the dletary composition and whethsr people
daepend or not on the unfiltered rainwater as the only scurce
of drinking weter iu the isolated small island or in the mountain
distriely, or whether the person has been hospitalized for a long
time or not, the concentration of 52%% in human bone may be
expected t0 be consideradbly different.  Although the rate of
transfer of Srgo fron the moil deposition to the human bone may
also depend on the discriwination factor which is dsetermined by
the ratio of stable strontium to calcium in each member of the
food chain, Jjudging from what is discussed ia the above it may
not be too much to assume that the concentration of Brgo in the
bone of mverage normal children under the dietary composition
and food hebit of great varlety as seen at present in Japan might
reach 2 - 5 8,U, corresponding to the cumulative deposition of

Srgo ;r about 10 mc/km2 and the fallout rate of about 3 mc/km2 -
year,
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(%) Effect of calcium content in the diet on the deposition of
radioactive strontium in the bone.

In csse of celcium deficiency, a greater percentagé of
administered Sr?° may be expected to devosit in the bone. In
order to examine about this point, to three different groups of
young rats weighing about 55 smn which were grown with the food of
low caleium (0.15%), standard calcium (0.44%) and high calcium
{(1.03%) content respectively, 0.28 uc per one gram of body weight
of carrier free strontium-8% in the form of strontium chloride was
directly administered orally into the stomach of the rats with the
special syringe. The radioactivity in different orsans was examined
after autopsy at different time intervals. The deposition of
strontium-E89 in the femur was observed to reach a maximum at 4 - 5
hours after administration of the radiocactive strontium as shown
in Fig.?. In the fighre each point represents the mean value of

(Fig.3)
three rats and the percentage is expressed with the percentage of
the activity detected unit mass of the organ against the administered
dose per one gram 6f body weight. A4s can be seen in the figure, at
two days about 7% of the administered strontium was observed to
deposit in the hone with the group of low calcium content, about
4,5% with the grdup of standard caleium content and ahout 2.5%
with the group of high calcium'content.9

Judging from these results, the devosition of radloactive
strontium in the bone with the group fed with high calcium diet may
be roughly about one half to one third of that of the low caleciunm
group. Therefore if the calcium is supplemented with the radioJ
active free calcium pills, the rate of deposition of Srgo in human
bdéne may also be reduced considerably as pointed out by Prof, Linus
Pguling of California Institute of Technologyslo
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Femur

Shr ~ 5d
/’05_ % - (}‘c/g—ozgnn) x 100 AH——A low calciom
Dose (/g - body weight) %---—X standaxd calcium
O—-—-=0 high calcium
q9

h:%"é 12he 14 2d 34, date
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(II) GConcentration of Cat>?

The Padionctive contaminibion of meat and humen muscle by the
cesium~137 that has similer physical half=life as the strontium-90
was alse measured in 1957, The cesium was seperabed aa eesium
bdismuth dodide precipitateu1 from the alkaline metal fraction with
sarrier Os after completeeashing of the sample. The radioastive
free cesium carrier was kindly provyed to the author fron Prof. Bichis
of Eyoto Universlty. About 180 ppe of csl37 per one kg of baef
without fat wss detected from the beel bought at the City market
in Osske in June 1957 after careful elimination of the fabt part of
the meat, In 1957 we have &iso examined uterus and ovary exsised
from the patients of the uberus myons and She ovarian g¢yatoma at
the Department of Gynecology of the Osaka City University Hospital
and detected sbout 100 uue per ) kg of miasele. Fron the anslysis
of the standard diet the averag: dally intake of 05137 in |/n
district was eatimated to be roughly about 50 upe in 1957.12

The conceantration of 0513? in various food suck as megat and
vegetables in 1957 was estimated te be in the rangs of about 20 = 100
sasium unit, while that in humen body about 30 «» 100 cesium unit.
One cesium unit corresponds %0 1 ppc per 1 gram of potassinmsej(lz)
Assuming the amount of potassium in human body to be about L4 gram
per 70 kg stsnderd man, the total activity of 5@157 in homan body
ney be estimated to b2 abont 4.2 = 14 mgc gorresponding to the
sunulative ﬁepesitien'gf dbout 14 me/km® amd the fallout yats of
about 4 mcfkm = y¢ara 2 However, in 1958 the sogcantretion of
35137 in nuvzen body in ¢esium unit has been reported to be sboud
twe to three times higher on the avarage in mokyo than the ahove
value(5)€5305)

Soxe of the unusually high nases withk the soncentration ef

7 in cesium unit in some of the organs of the human body higher
¥y sbout 10 -« 100 times or more than the above value im 1957 have
been reporxrted by Yamagata 5 Gi% Tokyo for the sample obtained in
the latter half of 1958, (A case with 1.86 x 107 cesium unit in.
prostate in Tokyo in Aug, ’.1958)(15)
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(III) Discussion and Sumpary

About 60 bone samples were analysed for Sr9° during the period
from Jan. 1957 vo July 1959, The highest average concentration
wag found to be about 1 B8.U., for the age group of 5 -~ 10 years old,
However, aince most of thesﬁ cases are more or less pathological
ones after longz pericd of hospitalization the results may not be
conaldered to ba the representative values for the average normal
person, The highest concentration among thoe casee whose past
history is known was 1.75 8,U, or reoughly about 2 S.U.,

During the perlod of observation cecaslonally we have found
higher concentration than 2 B,U, in the bone samples of a few cases
obtained from the crematory., However, since the past history cf these
ceases is not kmown, it is not slear whether they depended on the
rainvater or on the brown rice with much higher contamination than
the whits rice. ' '

In view of these £indipgs it may not be Be. much %o assume that
the consentration of Srgo in the bones of the averspge normal ehildren
might reach 2 - 5 8,0, sorresponding to the cumulative pround
deposition of adbout 10 nc/kmz and the fallouts rate of about
.1 no/km2 - yeargz

The concentration of 03137 whose physical hnlf-1life is very
nuch similar teo Srgo was in the range of mrbout 3¢ » 100 cesium
unlt in 1957 to early 1958 eorresponding o the cumulntiv: deposition
of sbout 4 mc/km2 and the fallout rate of shout & mc/kmﬁ - yearsa)

Howsver, during the period from 1558 to early 1959 the concen~
tration of 0513 in some of the organs ¢f the. humsn Yody has been
reported to be abeut two to throe times hisher on the average in
Tolyo than the adbove value in 1957,

The concentration of Sr°° and Os*’7 in human body may not only
dspend on the food such as meat and vegetables but also on the degree
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of contaminetien of the drisking water and the air inhsled. In case

of those who depend on the rainwater withous adequate filtering of

Srgo and 0515?‘ the major route of contamination of the humen btody

may be assuned $6 be the reinwater used for drisking end daily cooking,
Although it is assumed in the UR report(a)-that the concentration

of Srvo in humen body depends only on the cumulative deposition

while that of G315? only opn the fallout rate, 1t secems to be more

plansible o sssume thst the concentration of both Sr90 and 03137

in humen body might depend on the cumulstive deposition snd the

fallous rate. The food habit of the poople may be different not

only locally snd seszsonally, but also with time, The food hablt

in the future may not remain the same as 2t present. The peocple

who depend on the rainwaster are now advized not to drink the ralnwnter

without adequate filtering. Tharefore it may be extremely difficult

to prediet the future level of Srgo and 05157 in hunan bedy, sltioush

ths cumulative deposition and fazllout rate might be predicted for

the future,
Trne folliage retentlion of Srgo by some of the plants pnd vegetables

may not be negligibleSlE) although the fraction of foliage ebsorptiocon

of Sr90 mey pot de as large as that of 0315?. The root abacrption

of 05157 by some ¢f the plants snd vegetables may not always be

considered negliczible, although the fraction of root abvsorption of

06157 nay not e as large as that of Srgo snd night depend groatly

on the type of the plantz, the _nsture ef the soil nnd fertilizers

and the degree of rsinfall, irrigation, farmine snd ploughing, etc..
Taking thesc possibilities into consideration, it may Lo assumed

that a total of roughly about 0,1 = 1 muc of Sr99 in buman body mey

correspond to. the fallout rate of about 1 mc/kmaa- yeer and roughly

about 0.1 = 0,2 mpc to the cumnlative grournd depeosition of about

l mc/kma.
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It may not be too unreasonsble to sssume that a difference
by & factor of about ten in the degree of dependence of Sr9° level
in human body on the fallout rate might exist between those who
depend on wellepolished white rice and the wellefiltered tap water -
and those who depend on brown rice with high concentration of Srgo
and the rainwater without adequate filtering,

In case of the level or'CslB7 in human body, the local, seosonal,
and individual variation may be much larger than in case of Sr90
because the biological half 1life of 0315715 much shorter than that
of Srso in the boha. Therefore it may be rather difficult to estimate
more accurately, because a difference of 03137 level in various
organs of the body by a factor ss large ag 10 = 100 may occasionally
be found in various reports in Japan$5)a5j

Howaver, sincs the degree of foliage abserption of 08137 by
vegetables is mscumed to bé higher than that of Sr2C while the
degrea of root absorption of 0313? lower than that of Srgo, it may
be assumed that the dependence of the level of Cs137 in human body
on the fallout rate might be sbout the same as or sbout double
the upper limit of Brgo and the dependence of the level of 08137 in
human body on the cumulative ground deposition roughly about one half
to one tenth that of Sro°.

¥rom these assumptions, it may be assumed for 63137 that a
total of about 1 = 2 muc of 08157 in human body may correspond to
the fallout rate of roughly about 1 mo/km2 - year and about 0,1 =
0.0l mpe to the cumulative ground deposition of roughly about 1 mc/km?

Becsuse many uncertaintiea appear to be involved in the degree
of root absorption of Gsli? by the plants or vegetsbles which might
greatly depend on the nature of the soil, fertiligzers and many other
natural and artificial factors, it may not be too much to assume &
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difference by & factor of about ten for the dependence of 65137
level in human body on the cumulative ground deposltion, @lthough
the major roube of contamination of plants of vegetables by 08137
might be thicugh the foliege retention of 0s*>7 wnieh deperds on .
the fallout rate,

Howaver, thesg corelations between the levels of Srgcand Csla?
in human body and the cumulative ground deposition ard the fallout
rate should be revised in the future when more agcurste gquahtitave
data sbout the route of intake of such nuclides under natursl
conditions may become avallable, In order to estimate the average
body burden of Sr90 and 05157 in the populstion more accuralely,
more detgiled Iinformations not only about the discrimination factor
expressed by the ratio of stable strontium to calecium or the ratio
of stable cesium to pobtassium, dut alse about the fraction of people
who depend on different food and 4ifferent drinking waber with
different concentrations of Srgo and 0513? may be necessary.

Assuaning the elffective enerpy of Sr’i in the bone to be sbout
2EF(RBE)n=5.5 MeV with $he non-uniformity factor n=5,?) the anoual
dose rate to the bone corresponding to 1 strontium unit cr 1 mpe
ia 1 kx of calciumn 4n the total bone of 7 kg mzy be estimated t0 be
about 14,6 mrem per year, while with the non-uniformity factor n=l
it may be estimated 2t abous 2,% mrad per yesr, In case of Csl’?
the non=-uniforzity fasher i3 psgumed to be n=l, Therefore, assuning
the effeetivo enaigy of € )7 for the whole body to be about
ZER(RBE In=0.59 LieY,; the annual dose rete correspording to a continuous
body burden of 1 mpc In 70 kg of whols body or the average concen=
tration of rouzhly about 7.1 ceslum wnit in whole body may ve
astimated to be about 0,16 mren or arad per year.
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In view of the various uncertainties involved in the
radicecological behaviour of various nuclides, it may be desirable to
keep the specific activity of each element in the human environment
as well as in the human bocy below the level at which the total mean
effective energy of the radiations emitted per unit time from the
radicactive isotopes in one gram of the corresponding stable inotope
would not excesd the rate of emission of the radiation energy
equivalent to 0,01 rem/week.

At equilibrium state the energy generated per unit mass may be
considered roughly about equivalent to the energy absorbed in it.
Since 0.0l rem corresponds to 6.25 x 107 Mev/gram and one week
to 6.05 x. 10° seconds, the permissible specific activity (PSA) of
the isotope may be expressed by the following equation.,

, _ (8.:25x10°) |
[?SA] - (G-OFXIDF) Eeff (3‘7 X/D—Z) Nﬁc/g"‘elment (1)

where Eefr is the mean effective energy per disintegration of the

isotope in unit of Mev and may be assumed to be ZEF(RBE). Simplifying
the sbove equation we may obtain

. 28 - '
[PSA] Fef puc/g-element (2)

At the disposal of the various radicactive nuclides it inay-be
desirable to dilute the rediosctive nuclides by the corresponding
stable isotopes, down to the above level of permissible specific
ectivity., In case of the radloactive nuclides without any corresponding
suit_ablé'atable isotopes, it may be necessary to dilute the
radjiactive nuclide with the stable isotopes that have
radioecologically and metabolically similar bBehavior to the
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radilosctive nuclide,

In case of Sr’°, T EF(RBE)=1,13 Mev estimated for the
whole body mey be taken as ﬁefr' Substituting this velue invo the
above esquation we may obtain,

(PSA) = 25 puc-St'/4-st &)

In case of Sray, since the mean energy of beta ray per
disintegration may be assumed to be Eeff-O.EG Mev,

(PSA) = 50 puc—S"5-sx ()
In case of Ca'® with ,,,=0,086 Mev,

(PSAl = 326 muc— Y/ o (5)
In case of 0% with E_,,=0.054 Nev,

(PSAl = 520 ume- C/y ¢ (6)

Some of the results of these estimations of the permissible spscific
activity (PSA) are shown in Table V.
{Table V)

This was the ides proposed by Hishiwaki in 1954 at the time of
Bikind Acc.id_embgJ‘Llr However, later the radlosetive contamination of
Sr9° in our envirvonment was obgerved to increase seriously due to
the repeated "large scale nuclear testinga.

If the specific activity of one isotope in our environment or
in our body exceeds the permissible specifiec activity sas defined in
the above, the permissible specific activity of other isotopes that
have radioescclogically or metabolically similar behavior should
be reduced correspeondigly.
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Table V 3 Permissible Specific Activity

E eff PSh

(MeV) (pue/g)
5> 0.01 2,800
ol 0,054 520
po2 0.69 41
cats 0.086 326
sp87 0.56 50
sr20 1.13 25
i3l 0,44 65
cstd? | 0,59 48
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The concentration of Sr9° during the period from 1956 to
1957 4n Japan has been reported to be about 390 « 540 8,0, in rice bran
and chaff, 153 = 170 8.U. in brown wheat and about 53 8,0, in wheat
rlour.a It seems to be apparent that the specifiec activity of Sr9°
in stable strontium corresponding to the above concentration in
S.U. may be highser dy a factor of adout 10“ - 105 than the permissible
specific activity of atrontium discussed in the above.

Even if we assume a concentration of Srgo in the bone to be
about 1 8.,U., assuming the amount of stable strontium in one zram
of bone calcium to be about 10‘4 gram, the specific activity of
Srgo in stable strontium nay dbe estimated to be about 104 upc—srgcjg-Sr
which is sbout 400 times higher than the permissible specific activity
of 25.uuc of Srgo/g-Sr.

In such ¢ases, the second permissible specifis activity in our
body may be eonsidered to be 25 puc of Sr90 per one gram of calcium
which may c¢orrespond to 25 8,U,, However, if the soncentration
of 8r°° in caleium reaches this level, there would be no sllowances
left for calcium. Therefors, if the concentration of Sr9° in
caleium approaches the second permissible speaific sctivity the
permissible specific activity of caleium should be reduced
correspondingly. PFor instance, if the concentrastion of Sr9° in
calciuw becomes 12.5 ppc of Sréojg-calcium, the permissible specific
activity of radicactive caleium should be reduced to one half, In
case of ca45 with PSA=326 puc/g=Ca, the permissible szpecific ectivity
should be reduced down te 163 ppc of ca®? fg-Ca corresponding to the
increase of 8r9% w0 a level of 12.5 puc of Srgo/g-Ca.

If the concentratlion of Sr9° in caleium exceeds the second
permiesidble level of 25 upc of 3r9°/g-ca in the bone, the third
permissible specific activity may be taken to be 25 upuc of Brgojg-bone.
However, in such cases, the permissible specific activity of other
rediosctive nuclides such as B2, 039, P°2 that have metabolically
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gimilar behavior to other elemeants than caleium constituting the
bone should also be reduced correspoandingly.

The second permessible specific activity of 25 puc of Srgo/g-ca
may correspond %o about 0,25 ye of sr?° Je=Sr, assuming the
concentration ot'etable strontium in the calcium of bonme to dbe about

107% gram Sr/geCa, which is sbout 10° times higher than the
permissible epecific activity of Sr9 in the stable strontlum. The
third permisaible specific activity of 25 upe of Bz’ /gvbone may
correspind 0 1.75 pec of Srs /e=5r, assuming the fraction of calcium
in the bome t¢ e about 1/7, which is sbout ? x 20% times higher
then the first permissible specific activity of 25 puc of S urgo per
one gram of slable strontium,

The third permissible specific sctivity of 25 uuc of Brgo/g-bone
agy corrsgpond to the total burden of about 0,175 pe in the dbone,
which is roughly about 9% of the occupational meximum permissible
total burden of 2 us in the bone given in ICRP(1958). A total of
0.175 pe in the bone may be estimated to correspond to the annual
dose rate of about 2,6 rems/yesr to the bone, assuming the non-uniformi-
ty factor of five for the bone, This level may be considered too high
as the permissible level for the general public, The second permisaiblse
speciflc activity of 25 upc of 5r9°/g~ca or 25 B.U, may be estimated
to eorrespond to the ennusl dose rate of about 0,37 rem/yesr to bhe
bone.

It is desirable to keep the level of rediozctive contamination
in ocur envirosnment WYelow the level of the firat permissible speciric'
activity. However, because of the repeated nuclear testings in the past,
the level of radioactive contamination of 5090 in our environment
has already exceeded even the level of the second permissible
gpecific activity in some of the food asuch as the brown rice, Becauss
of the diseriminastion factor of,Srgo which may be determined by the
ratlo of the stsble strontium to caleium in the food chaing the
concentration of Srgo in calcium of human bone nay be assumed to be
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roughly about one tenth the level of the second permissible
specific activity or less at present. However, with the incresse
of the cumulative deposition of 5t7° the level of Sr?o in human
bone may have a tendency to increase gradually to reach the
equilibrium value with the environmental contamination level.

Under such circumstances, we feel it extremely important
to try to exert our utmost efforts not to have the concentration
of Sr90 in humen bone reach the level of second permissible specific
activity in order to keep as much allowances as possible for other
radiocactive nuclides than the bomb-produced for the peaceful uses of
atomic energy in our country.
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Theoretical Analysis of the Radiocactive Contaminstion
due to Srgo and 03137

In view of the considerably different values on the fallout
rate end the cumulative deposition of Srgo and 03137 reported from
different parts Qr'dapan, the author attempted to estimate the
ranges of the fallout rate and of the cumulative deposition of
570 and 09157 for different parts of Japan based upon the theorstical
congideration.

(I) Theoretical Consideration(1)(2)

About 10% of the deposited Sr9° hag been reported to have come
from tropospheric fallout in &reas far from test sites, while ebout
30% may be taken as the representative value of thg tropogpherie
fallout for ereas relatively close to test sitessz Therefore, in
areas far from test sitemr, it may be assumed that & major part of the
radiocactive fallout of the nuclides with reletively long half lives
right be sseribed to the stratospheriec fallout, although thess
percentages mey be greatly different depending or the types of nutlear
detonations. In case of the air durst, -8 greater part of the
radiosctivity may be injected into the stratosphere. In cese of the
ground surface explosidn, a greater part of the radiosctivity msy be
adsorbed or included in a lerge amount of dust particies with greatly
different sizes and f2ll to the ground wlth the greatly diflfexent
rate according o the sizes of the dust particles. In this ease the
fraetion of loc:l felilowt may be bigher as couusred with tbhe distant
tropospheric fallout or strabospheric falleut., Since larger particles
may fall fasier than the swaller ones, the fraction of the dust
felling to the zround per unit time may be considered to be a function
of time after detonation at least during the initial periocd after the
ground surfsce explosion. Therefore, in the tropospheric fallout
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or especislly in the local fallout at a relatively short tinme
following the surface explosion there may be the case where the
fraction deposited per unit time decreases with time because of the
greatly different particle sizes of the dust which occluded or
adsorbed the rission products and other induced activities., In this
‘case if we assume thet the fraction of the radicactive dust deposited
per unit time decreases inversely proportiopal to the time t after
explosion, the following expression hgy hold.

ap,

a_ i . ._.B

dt D, P (1)

where D, is the amcunt of due- in the stmosphere and B a constant
which may be different depending on the types and the conditions of
nuclear detonation. Integrating the above equetion, we may obtain,

D, = D¢7P (2)
where Dl is a constant corresponding to the amount of dust in the
atmosphere at unit time after detonation.

If we express the activ1ty of the dust with I corresponding
to D and if we assume that the grossactivity af tha dust may
decrease according to the Way—Wigner law t7% s T > Total activity

rercgining in the atmosphere may be exnressed by the following power
‘functlion of the time t after detornation.

1, a.11£'<“*ﬁ} (3)

where.Il is the activity inm the atmosphere at unit time after
detonation, _ ) '

If we assume that the total amount of the radioactive dust
particles of widely different sizes injected into the stratospheric
reservoir would also decrease according to the following power function
during the initial period,

Dg = D;t e

(&)
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the total amount of dust in the stratosphere Dt after L days of
continuous injectior 5f an amount q per unit time may be gilven by

the following squation. <

D, = ng‘[(t-t)°ﬁ dt (5)
or, when B is smallr than unity °
1B
Dt = qu 1-P ()

where Rl is the fraction of the dust retained at end of unit time,

If we pay special attention to a certain specific radioactive
nuclide which decays exponentially with the disintegration constant
A, the rate of change of the activity Is of the specifiec nueclide
corresponding to Ds in the stratosphere may be given by the following
differentlal equation.

ar
s -
e T r S @

Solving the &abBove equation, we may obtain

I, =1, t7F e~Mt-1) (8)

where Il is the activity at t=1.

The total activity of the specific radioactive nuclide in the
tratosphere It after v days of continuous injectlion of the activity
g of the specific nuclide per unit time may be given by the
following equavion.

T
I, = R, qu (u-t)"B o~A(r=t-1) 44 (9)
[

where Rl ig the fractional retention at end of unit time.

From the definition of the incomplete gamma function,
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Tz <m=j: e x4z (10)

Using the above relation, the equation (9) may be expressed as

Iw = Rigae® APT" Tl (- (11)
However, sometime after the nuclear detonation we may assume
that the size of the radicactive dust containing a certain specific
nuclide in the stratospheric reservoir would be more or less unl- h
form. In such cases, in view of the absence of the knowledge on
the detailed mechanism of transport of the fine radiodaciive dust
from the strafosphere to the troposphere it may be assumed as a
working hypothesis that a constant fraction of the total amount ~ -
in the stratosphere would be transported down to the troposphere
per unit time, Under this assumption, if we assume that s major
part of such long~lived flssion products as Srgo and 03157 produced
by high yield detonations comes from stratospheric fallout, the
change of the stratospheric content of these nuclides with time
may be expressed by the following differential equation.

dQs(t')

S — AQst - Fr (t) : (12)

where n is the injection rate of Sr90 or 05137 into the stratosphere
per unit area (mc/km -~ year), Qs(t the Sr90 or 0815? content of
the stratosphere expressed per unit area (mc/km ), A the disinte-
gration conatant of 5270 or 05137 (0.025/year), and F (¢) the

average fall-out rate of Srgo or 08157 per unit area ?mc/km2 - year),
For the calculation, Fr(t) is assumed to be proportional to Qs(t)

as a working hypothesis.

Fa(t) = ¥%(1) (13)

where the elimination constant k may be expressed with the Half
elimination time '1‘B by the following equation
' 'S -%595- (14)
s -
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Under the above assumption, the general solution of equation
(12), teking the relation (13) into consideration, may be expressed
by _

Fr(s) = Fr(0) e“(§+k)t R e"**k)tj (15)
Using the above expression of fallout rate Fr(t), the rate of the
total cumulative deposition and the ground accumulation in the surface
layer of the soil may be expressed by the'folléwing differential

equations,
aF

at = Fr(y) - *Fd(t) (16)
aF

3t = Fagy = () Fgyy 7

where Fd(t)is the total cumulative deposition, Fg(t) the ground
accumulation ir the surface layer of the soil, A the disintegration
constant of Sr90 or 03157, and{ the elimination constant indicating
the annual fraction eliminated from the surface layer of the soil

due to various weathering effects, which may greatly depend on the
nature of the soil, amount of rainfsll and other artificlal factors
such as irrigation, farming and ploughing, Using the half elimination
time T, due to weathering, the weathering constant 1 may be éxpressed

2.

g
....:.53_72..
L= (18)
The general solutions of equations (16) and (17) may be glven
by the following equations.

F
-\t igo} [e-kt - e-(x+k)t] .

A
fa()” Faco) © (A+X)t A
k A e\ - e

'f{ mvvaiills v i - € 7 | (19)
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When 14k,

Te(e) = Te(0) © “(MmQt __7_ - ( o) ( ~(A) _ ;(Mk)'oj
e (g % (A+l)t
_ [ -(M&:)t] (20)
When 1=ki8(t) - B,00) e-(A+K)E + Fr(o)te;-(h+k)t
Rﬁ')? (2 - {14+ (A+k)t'} e~(Ask)t] (a1)

Whéf we could assume. Fd(o) =0, P (0)=0 and Fr(0)°° the above
expressions of B r(t)? Fd(t) and Fg(t) may be written as follows:

Fr(s) © XQ" [1 - 'e‘(m:)tJ (22)
Fd(t) - 1+k L -(l+k)t -M:] (23)
When 1gk,

(A
Po(s) = I [ 1X+kkh+e$ = (xﬂlﬂk-]) e

+ ey o MY ) (28)
When 1=k,
Po(s) = —Eﬁsz— ( 1=~ { 14 (7&+k)t} e'(k"'k)t] (25)
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The equations (22) -~ (25) may be applicable epproximately in the
analysis of the fallout effects during the periocd from March 1S54
to the end of 1958 in the areas where ’a(o) and Fr(o) in ¥arch
1954 could be considered negligidle.

After the tests were sPtopped towards the end of 1958, ne=0 until
the resumption of tests which would significantly contribute to the
stratospheric reservolr of sr90 or 057, Therefore, substituting
n=0 into the equations (15)and (19) - (21) and assuming t=0 at the
end of 1958, we may obtain the following expressions for the period
after the end of 1958,

To(a) = Te(o) OO (26)

- ~ (A&t
‘Fd(e)r-"Fd(o)e_)‘ﬂ —Fz?—’[e A TN ]

(27)
Then 1fk, 0t Ot
+ -
T.g_({-)z Fd(u) e—(,\te)f ).z_.l_:é_ Fr(o) € - € ]
(28)
Pa(s) = Tg(ode * To(odbe (29)

The sbove equstions indicate that the fallout rate Fr(t)
decreases sfter the suspension of the tests, bubt the total falliout
cunulative depcsition Fd(t) and the fallout ground accumulation
’g(t) may be expscted to inerease for soma time and then begin %o
decroase after going through & maximum point, The time, 2t which
the maximgm point willd;e rsached in ?d(t)' way be obtained, by
solving the equation at = 0, to be

tInN+4) Freo)

)
tamax =7 b X{4 Fi(oy+ Freo)) (30)
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Similarly, the time corresponding to the polnt in rg(t)
wubewmmm.wsnﬂthewmmn.ﬁ#ﬂ-o,ubeu
followst + 48
¥hen 14k, I k) Freo)
Fuax = g Ao 0
(A+£)(0 YFgo) +Freoy]

(31)
When lsk,

F —~(Ath
baay = Freoy—cA+t) Fpoo)

A+ Freoo)

(32)

If ve mgsume that the muclear testa should c¢ontinue indefinitely.
with the constant value of n, the fallout rete in squation (15)
may bo expectsd Yo reach the follpwing equiliirius valus.

A m

Fr(e— =) = o (33)

Bimilary, the total deposition Fy(.y of equation (159) end the ground
asguaniztien in Yhe sarface laysr ?g(t) of equetion {20} ney bs
gxpecied $o resch the following equilibrium wvaluss,

Flie— U =T (34)

A
(MDY N+4) (35)
However, gince the teate were suspended towards the end of

1958, the average injection rate @ for the periocd 1958 to 1958
may be estimated from the following relation.

—— ]
R = oo (Pt g Feco) 36)

whers ¢t may be taken to be 5 years, aszuming t=0 early in 1954,

Fg(t—o=2) =
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(II) Results of Theoretical Anslysis

Assuming the cunuiative deposition Fd(t) of Srgo o0 be a¥out
10 - 15 mc/kne and the fallout »ate Fﬁ(t) of 3r90 to bo about

%5 -5 mc/km2 - yeer at the end of 1958 and the half elimination

time Ts from the stratospherie reservolr o be sbhout 2 years, the
average value of the annual injection rate during the period from
early 1Y54 to the end of 1958 may be estimsted from the equation (26)
to Ve approximstely N = 4,3 - 643 mc/km? = year, A4ssuming the uniform
distribution of Sr 0 over the entire surface of the earth, the spe-
eific concentration of Srgo per unit area may be estimated at about
L) mc/km2 corresponding to the fast neutron fission of U258
equivalent to about 20 megatons of mﬂmS5) Compering with this vslue,
the mbove value of & ray be considered to correspopd to the annual
injection rate of about 24 -~ 35 megatons TNT equivalent fission
products, or shout 120 = 175 megatons fission yield, If we mssume
that the above value of T &8 estimated from the data observed

in the Pacific coast of Japan would be about three times higher

than the world average end that roughly about one half of the

totel fissicn products entered the stratospherie reseroir on an
average, the total fission yield during the five year pericd from
early 1954 to the end of 1956 may be sstimated to be roughly sbout

S0 « 120 megatons eguivalant,

Fig.1l suovaz the ravge of fallout rate of Sr90 during the period
from April 1u54 to the end of 1958 at the FPacifiec side of the_JaﬁEéﬁgJ)
mainland ss cstimated from the equation (22}, assuming F, ;=0 in
equation (15) early 1954 and n=4,3 and 6.3 mc/km2~year, and the
half deposition time Ts of about 2 years, 1In the figure diffarent
estimates of the Tallout rate of Sr’o for Osaks end Tokyo based
upon the obsovvetions at different institutes ere also shown, In
this figure, Osaka I lrodicates the dava rerorted by the Japan
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Meteorological Agency in Tokyo for Oeakasq) Oseks II those by the
author$5 and Tokyo I is a combination of the data glven in the

* Survey of Radiocactivity " compiled by the Japsn Science and Technelo-
By agency(a and those given by the Japsn Keteorologleal Agencys4
and Tokyo II is the data given by Izaws, et .2l ? . As cznh ba seen
in the figure the range of fallout rate of Br°° at the Pacific

slde of the Japan mainland may be gatimated to be about 3 - 5 mc/km2
< year at the end of 1956, However; if the a2bove rates of injection
should continue indefinitely, the fallout rate of 5r°° may be
expectsd to reach the equilibrium value of about #4.1 ~ 5.9 ne ka2

~ yeur as estimated from the equation (33),

Pig.2 shows the range of fallout rate of Cs 137 during the ® (Fia.2)
period from April 1954 to the end of Aungust 1958 at the Pacific 9
side of the Japsn mainland as estimsted from the equation (22),
assuning n-8.5 - 18,9 mc/xm2 « yesr. In this c¢ase, since the ratlo
C513718r may be estimated to be sbout 1, 93 3 fron the fission yield
curve for U238, the lower limit of n for Cs 137 15 assumed $0 be

1.93 times higher thsn the lower limit ns=4,3 for Sr9°. The upper
limit of n for Oa 137 1s zasumed 1o be about 3 times that of Sr90

In this figure, Osaka I is the data given by the author$5
and Osaka II 4is the value estimated by multiplying the value for
3r90 by & factor of 2,8 which 1g the ratio 03137/Br9° estimated
for Tokyog7) Tokio I is the data given by the Japan Meteorological
Ageney in Tokyo 4) and Tokye II those given by Izawa, et art’
4g can be seen in the flgure, the range of the fallout rate of C3137
at the Pacific glde of tha Japan meinland way be estimated to be
about 6.5 « 14, 8 mc/km - year at the end of 1958.

However if the sbove injection rate should continue indefinitely,
the fallout rate of 63137 zRy be expected o reach the equilibrium
value of abvout 7.7 = 17.8 mc/kmz = yesr,
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Pig.3 shows the range of the fallout rate of Brgo during the
periocd from April 1954 to the end of August 1958 at the Japan Sea
side. of the Japan mainland as estimated from the equatior (22),
assuming nml2,6 = 18,9 nc/km - year, The value of n was estimated
by assuming two to thres times higher at the Japan Sesa side than
the upper limit for the Pacifiec slde. As can be geer in the figure,
the range of fallout rate of Brgo at the Japan Sea side of the
Japan mainland may be estimated to be sbout 10 - 15 mc/km2 - year
at the end of 1G58, However if the above injeection rate should
continue indefinitely, the fallout rate of Sr’° may be expested
to reach the equilibrium value of about 12.6 = 18.9 mc/km - Fear.

Fig.4 shows the range of the fallout rate of Cs'2? Quring the
period from April 1954 to the end of 1958 alt the Japan Sea side of
the Japan mainland as ecatimsted from the equation (22), assuning
n=24,9 -~ 50.7 mc/km2 ~ yenl'. A8 can be seen in the figure, the range
of fszllout rate of GsJE? aﬁ the Japsn Sea slde may be estimated

‘te be about 20 - 40 mc/km = year., However, if the above injechion
rete should continue indefinitely, the fallout rate of Cs 137 may

be expected te reach the equilibrimm value of about 23.2 - 47.2
mc/km2 - FEar,

Fig.5 shows the range ¢f the cumulative deposition of Srgir_(ﬁgﬁ)
during the peried from April 1954 to the ebd of 1958 at the Pasirfic
side of the Jepan malnleand as estimated from the eguation (19)
assuning Fr(o)ac and Fd(ijg o5 mcfkm early 1954 and the same
injection rate n=d.% = 6,3 mc/km - year as assumed at the estimation
of the fallout rats. A4S cen be seen in the figure, the range of
cunulstive depozition of Brge at the Pascific side of the Japan
mainland may be estimated to be sbout 1l = 16 mc/km2 at the end
of 1958.

In the figure diffsrent estimates of the cumulative deposition

<« (Fg.3)

(Fg4)
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of Sr90 for Osaka and Tokyo based upon the observations at different
institutes are also shown. In this figure Osaka 1 indicates a
combination of the data glven for the cumulative deposition in
Tokyo up to the end of 1957 in the * Survey of Radicactivity °
compiled hy the Japén Scilence and Technology Agency 6 plus the
data given for Osska by the Japan Meteorological Agency in Tokyo
after the end of 1957. In other words, since no data for Osaka
prior to the end of 1957 had been glven by the Japan Meteorological
Agency, the cumulative deposition of Sr“" in Osakn was assumed o
be thoe same as that in Tokyo ai the end of 1957, to which the
values glven later for Osaka by the Japsn Meteorclogieal Agencyia)
was added., Osaka 2 is a combtination of the data given for the
cumuilative deposition in TPokyo at the end of 1957 by the Japan
Keteorological Agency 4 plus those glven for Osaka after the end of
1957 by the Japan Meteorclogical Agency in Tokyoga) However, sccording
to the measurements by the Japan Keteorological Agency & for
Osska znd Tokyo during the periocd from Jan. 1956 to June 1960,
the data for Osake is lower ou an average by & factor 7/13%.75.
Therefore in Osaka 3 the cumulative deposition in Osaka at the end
of 1957 was assumed to be lower by this factor tharn that ecstimated
for Tokyo, to which the data given thereafter for Osska by the
Japan Meteorological Agency 4 was added.

Osaka 4 is the data given by the authorgs) Tokyo 1 i8 the
data given for Tokyo by the Japan Meteorological Agencygq) Tokyo
2 is a conbination of the data given for the cumulative deposition
in Tokyo at the end of July 1957 by the Japan Meteorologileal
Agency(4) plus the data given for Tokyo by Izawa, et al 7 since
Aug. 1957. However the overall ratio of the cumulative deposition
of Sr90 estinated for Tokyo during the period from Aug,1957 to
the end of July 1960 by the Japan Meteorological Agency 4 to that
by Izawa, et al'?’ is about 10.94/16,24. Therefore, in Tokyo & the
cumualative deposition of Sr9° at the end of July 1957 in Tokyo esti=
mated by the Japan Keteorological Agency 4 is reduced dy the above

(4)
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fastor, to which the data glven by Izawa, et a1(7) for the period
thereafter was sadded, As can be seen in the figure, if the above
injection rate should contlnue indefinitely, the cumulative
'deposition of Brgo méy be expested to reach the equilibrium value
of about 162 -~ 237 m&/kmz, as estimated from the equation (34).

Pig.6 shows the range of the cumuletive depostion of Cs 157 during
the period from April 1954 to the end of 1958 at the Pacific side ort 3®
the Japan mainland as estimated from the equ&tion {19) assunming

( )-0 and 3d(°)no <5 mc/km sarly 1954 and the injection rate
ne8,3 ~ 18,9 mc/km - year. In this figure, difforent estimaibes on the
cunulative depogition of 03157 for Osaka and Tokyo ars algo shown.
Osaka 1 is the data given by the author'”?’ end Osaka 2 is the data
getinated by multiplying the data of Sr9° given by the aubhor by a
£actor of 2.8 which 4is the ratio 03137/Sr90 astimated for Tokyo(7
Tokyo 1 is the data given by the Japan Meteorological Agency in Tokyo.
Tokyo 2 is s combination of the data glven for the cumulative
deposition of cet7 a the end of July 1957 in Tokyo by the Japan
neteorological Agency plus the data given thersafter by Izawa,
et ol ? for Tokyo

However, the overall xatic of the cumulative deposition of 03137
during the period from Aug., 1957 to the end of July 1960 in Tokyo
estimated by Izawa, et al, to that by the Japan Beteorologlcal
Agency is sbout 30,87/43.8. Therefore, in Tokyo 3 the cumulative
deposition of 03157 at the end of July 1857 was reduced by the above
factor, %o which the data given thereafter by Izawa, et al was added.
48 can be pseen in the figure, the rapge of the cumulative deposition
of 03137 at the Pacific side of the Japsh mainland may be estimated %o
be about 20 = 46 mc/km at the end of 1958, However, if the above -
injection rate should continue indefinitely, the cumulative deposition
o 0837 ney ve expected to reach the equili'brium value of sbout '
A75 - 714 mc/km .
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Pig.7 shows the range of the cumulative deposition of 3”90<.(Fa9w y
during the period from April 1854 to thie end of 1958 at the Japan
Bea side of the Japan mainland as estimated from the equation (19)
assuaing 3r(0)‘° and Fd(o)"°'5 mc/km2 early 1954 and the same
injection rate n=l2,6 = 18,9 ne/km® - year as assumed at the
estimation of the fallout rate of Sr90 et the Japan Sea side. As can
be seen in the figurs, the range of the cumulative deposition of Srgo
at the Japan Sea side may be eatimated to be aboubt 32 ~ 46 mc/km2
at the end of 1958, However, if the above injection rate should
continue indefinitely, the cumulative deposition of Sr’ 50 may be
expected to reach the equilibrium value of about 475 - 7l4 mc/kma.

Fig.8 shows the range of the cumnlative deposition of 0313??—(F? a1
during the period from April 1954 to the end of 1958 at the Japan Sea
slde of the Japan nalnland as estimebed from the equation {(19) assuming

r<°)-0 and Fa(o)‘° 9 mc/km early 1954 and the same injection rate
w2l ,G = 50,7 ne/kn® -~ year ss asssumed at the estimation of the
fallout rate of Cg > at tha'Japan Sea gide., As can be seen in the
figure, the range of the cumulative deposition of 05137 at the Japan
Sea side may be estimated to sbout 55 - 125 me/km=.

However, if the above 1njectlon rate should continue indefinitely,
the cumulative deposition of Cs 137 may bte expected to reach the
equilibrium level of about 940 = 1,920 me/kn<,

Pig.Y shows the range of the ground accumulation of Sr9° in the(F 2
surface layer of the scil during the pericd from April 1954 to the end_r3
of 1958 st the Pacific side of the Japan meinland as estimated from
the equation (20) assuming yr(o)-o and F (o)ao.ﬁ mc/km2 and the

half eliminasion time T, due o weathering to be about 10 years and
n=f 3 = 643 me/km? ~ yedr. In the figure, the ground accumulation
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of Sr9o in the surface layer of soil as estimatsd by the author
based upon the radicchemical analysis of the soll conducted early
1957 in Qsaka > and the range of the ground accumulation of the
exchangeable 5r7° in the agricultural soll estimated by Eodaira,

et al( for the Pacific side of the Japan mainland based upon the
radiochemical snalysis of the soil sampled in June 1959 are also ‘
shown. As ¢an be seen in the figure, the ground aceunulation of Sr9°
in the surface layer of the s80il at the Pacific aide of the Japan
nmainland may be estimated to be about 9.5 -« 13,8 mc/km2 et the end of
1958.

However, 1f the aboves inJection rate should continue indefinitely,
the ground accumulation of Br in the murface layer of soil may be
expected to reach the equilibrium vaine of about 42,6 = 62.5 mc/km N
as estimated from the equation (35).

Fiz.10 Bhows the range of the ground scdumulaiion of 03157 i.n(F 101
the surface layer of the soil during the periocd from April 1954 to ‘3
the end of 1958 &t the Pocific side of the Japan mainland as eatimated
from the equation (20) assuming Pop)=0 and B (0003 me/Em® and the -
half elimination timo ?_ due to weathering %o be about 10 years and
nefe3 = 18,9 mo/km -~ year. In the figure, the ground secumulation
of 03157 in the surface layer of £0ll as estimaied by multipﬁying
the range of Sr9° at the Pacific side in June 1959 by a factor of
2.8 18 8slso shown,

As can be scen in the figure, the ground ascecumulatiocon of 05157
in the surface layer of the soll at the Pacifie side of the Japan
mainland mey be estimated to be about 18 = 41 mc/kma at the end of
1958, However, if the ebove injection rate should continue indefinitely,
the ground aceunmulation of 08137 in the surface layer of s0il may be
" expeeted to reagh the equilibrium valus of about 82.4 - 187.5 mc/kmz.
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Pig.1l showa the range oi the ground accumulation of 8r J0 in the
surface layer of the soil during the period from April 1954 to the s (Fig.1v
end of 1958 at the FPaciflic side of the Japan mainland as estimated
from the equation (20) sssuming ¥ 2(0)=0 818 F_(5y"0:5 me/kn® and
the half elimination time 2 _due to weathring to be sbout 10 years
and nxl2,6 « 18,9 nc/km =~ year, In the figure, the ground sccumuliation
of the exchangeable Brgo in the surfece layer of sgricultural soil
estimated by Eodaira, et a1(8) for the ‘Japan Sea side of the Japar
mainland dbased upon the rediochemiocsl analysis of the s0il sampled

in Jupe 1959 are also shown,
) As c¢zn be seen in the figurs, the ground accumulation of Brgo
in the surface layer of the soil at the Jupan Sea side of the Japen
mainland may be sgtimated to be about 27 « 41 mc/kma at the erd of 1958.

However, 1f the above rate of injection should continu indefinite~
ly, the ground accumulation of Srgo An the surfasce Rayer of 201l may
be expected to reach the equilibrium walus of sbout 125 - 187.5 mc/km

Pig.12 shows the range of the ground accumulation of 03157 in the
surface layer of the soil during the period from April 1954 to the (1'd'%
end of 1958 at the Japean Sea side of ths Japan mainland as estimated
from the equation (20) assuming rr(o)-o and Fg(o) 5 me/km2 and the
half elimipnation time Tg due to weathering to be about 10 years
and n=24,9 = 50.7 me/km2 - yeer, In the figure, the ground accumulation
of 05137 in the surface laysr o'Asoil as estimated by multiplying
that of Srgo at the Japan Sea slde in June 1959 by a factor of 2,8 is
also showm, "

A8 ¢an be seen in the figure, the ground accumulation of 08137
in ¢he surface layer of the eoll at the Japan Sez side of the Japan
nainland msy bs estimated to be about 53 -~ 108 mc/km2 8t the end
of 19540
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However, if the above injection rate should continue indetfinitvely,
the ground sccumulation of 05157 in the gurface layer of the soll
may be expected to resech the equilibrium value of about 247.4 -
500,53 mo/kma. _ (Fig.13)
F1g}13 = 1o show the ranges of the fallout rates of 5r70 ana JI/7 /&)
05137 gt the Foecific side and at the Jap-m Sea side of the Japan éZJb)
mainland after the end of 1958 as estinmated from the ecustion (2G)
assuning =0 at the end of 1958 or at the begimning of 1959,
The simbols representing the different estlmates 14 Filgs.13?
and 14 have the same meanings as those in Pigs.l end 2, As ean be
seen in these figures, as a general tendensy the fallout rates of Sy
and 6513? nay be expected to decrecse thecretically after the end
of 1958 whem the nuclear testings were suspendsd by the three najor
powers posaeasihg the nuclesar weapons. However, because of the
unsually hich fallout rate in early 1959, the renges of the fallout
rates Pr(o) gt the end of 1958 had to be taken somewhot wider in
these theoretical analyses for the future than those in the previous
enalysis, Fg.17.
Figil? = 20 ghow the ranges of the cumulative depositions of (ﬁgJ@
Srgo snd 05137 Bt the Pacific side and ut the Japan Sea side of the <€3,2%
Japan mainland, After the end of 1958 mg estimated from the equationl%
(27) aseuning t=0 at the end of 1958 or at the beginning of 1959,
The syzhels ropresenting the different estimstes in Figs.l? and
18 have the sume meanings as those in Fige.5 and 6.
Beceuze of the ropsated nuclear testings up to the fall of 1953,
the stratospheric fallout masy continue for the future., Agsuming
the half elimination coastant T, from the stratospheric reservoir
to be a2bout two yeers, a maximum cutmlative depositior may be cobzerved
at about five to six years after the end of 1958, as can be seen
in these figures., At ths Pacific side the range of the maximum
cumulative deposition of.sr9° to be expected in 1963 ~ 1964 may

90
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be about 15 - 30'mo/km2 while that eof 03137 sbout 30 =72 mc/kma.
At the Japan Sea side the range of the maximum cumulatlve depogition
of 8r°° to be expected in 1963 - 1964 may be sbout 47 - 72 mc/km2
while that of Cs127 about 90 = 215 mc/kma. ' Fig.21)
Pigs.21 = 24 show the ranges of the ground accumulations of CF%'Z%
5129 ana 08?7 in the surface layer of the soil at the Pacific side i];-‘g:_%
and the Japan Sea side of the Japan mainland after the end of 1958-
as estimated from thé equation (28) assuming t=0 at the end of 1958 or
at the beginning of 1959 and the half weathering constant Tg to be
gbout ten years,
As clear from the compariscn of Pigs.2l - 24 with Figs.l7 - 20,
if we assume a weathering factor of T =10 years, the ground
accunmulation in the surface layer of the soil may be expected to reach
a meximum in two to three years after the end of 1958, much earlier
than the total deposition without weathering effects. As can be seen
in these figures, at the Pacific side of the Japan mainland the range
of the maximum ground accumulation of Srgo in the surface layer
of the soil to be expected in the middle of 1961 may be about
12 = 24 mc/km2 while that of 08157 ghout 24 - 57‘mc/km?. From the
prelininary analysis with the 6N HC) extraction of the soil about
10 em from the surface sampled at the play ground of the Tokyo
Institute of Teeinology, the ground deposition of‘Srgo in the surface
layer of the soil was estimated to be about 17 me/ku® at the ena of
Auzust 1961,
Since this value is in the range of the ground accumulation
of Sr9° in the surface layer of the soil at the Pacific side of the
Japan mainland, the half weathering time Tg of about 10 years aasumed
in the above does not seem to be a figure too unreasonably misplaced,
88 far as the sbove result in Tokyo is concerned,
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However, the weathering effects may in genersl grestly depend
o the various local conditions, especially the nature of the soil, the
amount of the raintall, and other various artificial factors such
as irrigation, farming, ploughing, and the types and the extent of
the grass or trees growing on the land, etc..
At the Japan Sea side the range of the maximum ground eaccumulation
of Sr"o in the surface layer of the soll to be expected in the
niddle of 1961 may be estimated at ebout 38 = 57 me/km® while that
of 05?7 at sbout 73 = 171 me/xm?,
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(III) Dose Estimstions due to 8r2C and Csi3?

(1) External irradiation

The externai dose rate from the uniform dipesition of gamma
emitter on an infinite plané may be assumed.to be proportional to
the cumulative ground deposition rr(t) and the average energy
Ef of the gamma rays emiktted from the deposist,

[42],, = AEyFect) (37)
where the proportionality constant k may be assumed 4o be approximstely
k=0.]1 mrad or mrem/year per one mc/km2 and per one MeV of gamma ray
energy. In case of 05157, since 92% of the disintegrations give

gammna rays of energy 0.661 Mev and of these 11% are converted, the
average gamma energy per disintegration may be estimated to be about
Ey~0.54 MeV, Substituting the above values into equation (37),

we may obtaln

D
%]&x = 0.055-/\’]:3’(?) ’MfEM/)Nar (38)
where Fr(t) is tge cunulative ground deposition of gamma emitter
in unit of me/km“. However, if we assume a shielding factor of
about 5.5 for the living conditions of the average Japanese in the
rural area; the above equation may be written as

oD
where [M]?—X = gex Fa—({') mYem/y eay (39)
Gex (04" 00) 22 f e o

et { fom?
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{(2) Internal irradiation

If we assume that the internal irradiation due to 8190 ana 0g137
would depend on both the fallout rate rx_(t )...and the cumulative
dopoaition_!e(t), the annnal dose rate due $o internal {rradiesticn
may be expressed in general by the following equation.

{%]{m — }4’1 F—ru—) tFea Fectd (#1)

where g, and g;, are the proportionslity constants.

In case of Bro° sssuning about 0,5 muc in the totel bone of
"~ about 1 kg per me¢/km” « year and about 0,15 mpc per ne/kna - year
and the annual dose rate of about 15 mrem/year sorrssponding to
1l 8,0, or a total durden of edout 1 apc in the deme of about 1 kg,
we may have the following valuea for the constants 8y and Bi2
in equation (A1)

) 99y - — gnemt el
3‘1(% s vear [ fem*—Vean (a2)

5.8 19 . TS me
Fe2t3r) =228 yeare [ | (a3)
In case of 03157, sosuning a eontinucus body durden of adbout

1 mpe in the whole body of about 70 kz per me/kn° - year and sbout
0.05 mye per uxc/l:m2 and the annual dose rate of about 0,16 nrem/ycar
corresponding te a continuous total body burden of about 1 mpe in
the whole body of about 70 kg, we may have the following values
for the constants g,, and g, in equation (al1).

By lort nC

)’ ear 'ﬁm'-)/m (“)

f(,'i (anw) =96

/Ut e
)/m Fo 2

(a5)

}4’-2—' C CAI;IS = 0,'0 OF
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(3) Integral Dose

In case of 08157 we may have to take into consideration both the
external and the intermal irradiation. Therefore the integral dose
for ghe period of %, years may be given by the following gemeral
equation.

£ & t,
Dt (€)= Gex S, Fretrdt -rgui Frie)dt + 34':L Feceydt (46)

In case of Srgo, only the internal irradiation may de considered
important and the integral dose may be given by the following

Oqﬁltione ¢
t, 1
Dtu(gxq"):%cig Fr(t-)dx-rsgzg Fectrelt w7

Assuning P (yy Of equation (26) the integral may be given by

Fa .
3 'F’rlct-)dt = FI(O)I (a8)
where 0 Y

1 ) -
Tr= %o [ - e (&-f-)\)t,J | {(49)
Assuning ’d(t) of equation (27) without weathering effeets for
Po(¢y 804 P () in the equations {46) and (47), the intesral of

rd(t) may be given by

S e,'Fd.Ct’)d,t =—Fd(o) Ta; + Frroy Lo, (50)
where ’ _ '

Tu =X (1=e7A%) - (50)
and ' :

L4.= 4‘3[;’ (~e™%) '_,E.J{X u—e-"“*)ﬁ)J (52)
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If we assume Fg(t) of equation (28) with westhering effects for
E,(y) 804 F o4y in the equations (46) and (47), the integral of
tht)'may be given by

.t'
where ¢ .
Tge = 3 C1 =€ 7O™ (54)

snd

, ) fp ’ -~¢ ‘&
Ty» = 77 [ 3Gz (- - x50 Qe 0] oy

Usually the value of ti in the ebove equations is essumed to be
30 years for the mean generation time in the estimation of the
genetle effegets due to 05157, and 35 years for the average life
expectancy and 70 years for the average life span in the estiuation
of the somatic effects due to Srgo.- Therefore, for the convenience
of estimation, the values of the integral I Ig9s 1&2' Igl end 132

have been computed for tl~30. 35 and 70 years and are given in Table 1.
Assuming the upper limits of Srgo and 08157 at the Pacif15*11aﬂc')

slde of the Japan mainland as shown in Figs,.l?7 and 18 or in Figs.21

and 22 to be the representave values for the Japanese populeticon,

the average integral doses Que to sr°° ana cst3? the chilldren born

at the end of 1958 in Japan might additionally receive becmuse of

the repeated nuclear testings in the past may be estimated easily

using the values in Table 1 and are listed in Table 2.

( Table 2
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Table 1
3
(years) I Ta1 Taz Ta Tgo
30 2.69 21,1 53 10.54 28.3
35 2.69 23%.4 59.7 10.59 28.5
20 2.69 33,2 88 10.6 28.5%




Table 2 ; Integral dose without weathering
effects (D) and with weathering

effects (G)

a 3 Sr90
tl\\\\\\ D G
(years) (mrem) (mrem)
30 1786 (357)° 1310 (262)*
35 1979 (396) 1401 (280)
70 _ 2803 (561) 1785 (357)

¥ The number in parenthesis indicates wrad
with non-uniformity factor n=1,

b ; 0s237  (whole body )

%y D G
(years) (mrem) (mren)

30 38 (116" 25 (g3)*
35 41  (129) 27 (89)
70 57 (184) 35 (116)

% The number in parenthesis is the estimates
without a shielding factor of 5.5.for
external irradiation.
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If we take into consideration the possible contridution of
other bone seskers of shorter half-lives such as Sreg, the total
doses to the bone may bs even higher than thoss estimated in Table 2,
However, the average life~time dose to the bone marrow for the
populstion would be somawhat lesa. Although the exact estimation
of the sverage dose to the bone marrow would be rather difficult
because of ths various uncertainties involved in this type of
estimation, Judging from the 3r99 dose to the bone estimated in
Table 2, the average total mean dose %o the bone marrow for the
population living up to ages of 70 may be estimated roughly at aboub
1 = 3 rems,

In gase of 63157 because of its shorbter biclogical half life
or higher turnover rate as compared with Sreo in %he bone, the
difference in the concentration hetween adults and children would
noy te ss large as: org - If we take ilnto consideration the possible
effects due to other filasion products, the total doses to the whole
body would be even higher than the double of those estimated only
for 0815? in Table 2, depending on the degree of conbtribution of
other nucildes of shorter half-lives,

The 30 year dose from the external irrsdiation due to the
cuwrulative deposition of grossactivity hss been estimated at about
109 - 218 mrad without taking intio conslderatlion any shielding
effects. Besides this there would be some contributions {rom the
internal lrradiation due to othdr fission products,

Therefore, taking these varicus factors lInte consideration,
the total 30 year doss to the gonad may bs estimated roughly at
about 0,1 = 0.3 rems,'or roughly about one tenth of the average
life-time bone marrow dose,
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{IV) Discussion and Summary

In this paper, based upon the theoretical conside;ations on
the radioactive fallout due to nuclear testings prilor to the end
of August 1961, theoretical analyses on the fallout rate, the
cunulative fallout deposition and the ground accumulation in the
surface layer of the soil of 8190 and 08157are attempted for the
Pacific side and for the Japan Sea side of the Japan méinland.

Based upon the theoretical analyses of the results up to the end

of 1958, the possible future level of Srgo and 03157 is predicted
assuming the half elimination time from the stratospheric reservoir
to be about 2 years. In the estimation of the ground accumulation
in the surface layer of the soil, the weathering effect with the
half weathring fime of about 10 years is assumed,

However, the result of the theoretical estimation with this
assumnption does not seem to be contradictory to the‘perliminary
result of the radiochemical analysis of the surface layer of the
soil up %o a depth of about 10 cm conducted at the Tokyo Institute
of Technology in 1961. _ ,

Because of a large amount of Sr90 and 03137 injected into the
stratosphere by the repeated large scale nuclear testings up to the
end of 1958, the stratospheric fallout may continue for the . future.
Although the fallout rate may decrease with time, the total cumu-
lative deposition may be expected to reach a maximum in about S5 - 6
years after the end of 1958 while the ground accumulation in the
surface layer of the soil with the assumption of half weathering
time of about 10 years in about 2 - 3 years. These results are
summarized in Table 3. Although the fallout rate may be some%EEE(hHe3)
‘higher at the Japan Sea side than at the Pacific $ide of the Japan
ﬁainland, assuming the upper limit for the Pacific side as the
representative value for the Japanese population because of the
larger percentage of population living along the Pacific side, the
possible integral doses to the bong due Lo Srsq and to the whole
body due to 08137 yere estimated as shown in Table 2.
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" Table 2 3 Maximum cumulative deposition without

weathering effect and maximum ground accumulation

-in the surface layer of the soil with weathering

effect to be expected at t

years after the

end of 1958
Site
< Pacific Bide Japn Sea Side
Maximum
g lower uppar lower upper
§§?§Sltl°n limit limit limit limit
® max
FA(E ) ax 15 30 48 72
(me /kn?) ’
max
_ (year) 5.8 5.8 5.7 5.7
g 90 4
i (t7
o
SN max
(me /%m ?) 12 24 38 57
thax
(year) 2-7- 247 2.8 2.8
- Fa(t)
o : max
- (mekm?) | 20 72 o1 215
omax 5.8 ° 5.7 5.8 5.7
0137 (year) ]
Fe(t)
PN max
(me /¥m2) 24 57 73 171
¥ rnax 5 5 .
(year) -‘7 o8 207 208
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However, taking into considerstion the possible contribution from
other fission products, the totsl life time bone marrow dose may be
estimated roughly at about 1 = 3 rems while the 30 year dose to the
gonad roughly at about 0.1 = 0,3 rems,

According $o Lewis{?? the probability for leukeuia s estimated
at about 2 x 1072 per year per rem which may be valid within a factor
of about 3, while UHN report 2 assume the probability of about
1.5 x 10"6 per year per rem to continue after each element of radiation
exposure for the remaining life of the individual. o

Using these probabilities for leukemia and assuming the linear
relationship between the dose and the effect, the total number of
leukemia for a population of atout 108 may be estimated to be about
5-7x 103 corresponding to about 1l rem of the total mean marrow dose.
However, if we take into consideration a factor of uncertzinty of sbout
3 in the Lewis® probable estimate on the incidence of leukemia, the
upper limit may be estimated at sbout 2 x 10“. Although there may be
various uncertzinties in these estimates, Judging from these values, the
total number of such fatal somatic damage as the leukemia may be assumed
to be roughly at about the order of maggitude of 0,5 - 1.0 x 10“
corregponding to the total mean marrow dose of about one rem per person.

Therafore, 1f we assume a total mean marrow dose of about > rems,
the total number of cases may be estimated about three times higher
and roughly at about 1,5 - 3 x 10“ for a toal population of about
108, as shown in Tedle 4 (a). e CTa Bl %as)

The genetlc damage to_ the population may be estimated with the
method as glven by Crow(lo in the Pellout Hearings at the U,S, Congress,

Assuming a doubling dose of about 40 rems instead of 50 rems
assumed by Crow and 2 normal incidence of tangible genetic defects due
to spontaneous mutation to be about 2 - 4%52 the total number of gross
physical or mental defects corresponding to a 30 year gonad dose of
about 0.1 rem for a stable total porulation of about 108 may be estimated
as follows.
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Table 4

3 Numerical estimation of the possible

damage for the population of about 108 in Japan

due to the past nuclear testings conducted during

the period from early 1954 to the end of Ausgust

191

(a) ; TILeukemia

~80%-

lower estimate

higher estimate

Leukemia 5,000
~ 10,000

15,000

~ 30,000




g
o 2-4—)( (0 25 3
—— = 25-5x/(0
40 X700 72 _ (56)

Assumigg sbout 10% expression in the first generation, the first
generation effect may'be estimated at about 250 = 500, A4ssuning the
frequency of stillbirths and childhood deaths at mutational equilibrium
to be about 8% a8 estineted from increased death rates in children of
consanguineous marriagesSlS) the total numbexr of stillbirths and
childhoocd deaths from 0.1 rem fro a generstion may be estimated,

'S
ol § /a ¢
25 " 7o5 X3 =10 (7

Assuming about 6% expression in the first generation, the first
generation effegt .may be estimabed at about 600,

Russell obzerved a 3% reduction in litter size of mice at 3
weeks of age when the sires had been exposed to 300 r, Using this result
and essuming that the total effect would de duubled when bothk parents
were exposed, the firat generation effect of the emdbryonic and neonatal
deaths may be estimsted,

4
2( 0 3
() 3 19 o (58)

f00 [/ee x 2

Assuming this number of the firat generation effect would correspond
to about 6% of the total effect, the total damage may be estimated roughly
at about 1.7 x 10 o

If the 30 year gonad dose ia assumed to be 0.3 rem, the genetic
damage estimated in the above would be sbout three times higher than
the above estimates. The reaults of these numerical estimations ef the
possible genetic damage due to thé radlation effects of fission
produets for a population of about 108 are summarized in Table & (blﬁ'm& "

Although these estimated numbers may be considered subject to & abet®
large uncertainty, it should be remembered that those listed in the
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Table 4 (b);

Genetic damage due to Fission Products

Generation 1st “eneration Total to infinity
Typg lower - higher lower higher
° estimate estimate estimate estimate
effect
Gross physical 250 750 2,500 7,500
or
Y ~ ~ n ~
mental defects 500 1,500 2,700 15,000
Stillbirths
and ~ 600 ~ 1,800 ~ 10,000 ~ 30,000
childhocd
deaths
Embryonic
~ end ~ 1,000 ~ 3,000 ~ 17,000 | .~ 50,000
neonatal )
deaths




table are only the tangible ones and thet there would be perhaps

a lerger but unknown number of minor or intangible defects as pointed

out by Dr. Crow(l°) at the Fallout Hearings in the United States.
Besides the possible effects due 0 the radiation from fission

products, we must take into conzideration the possitle effects of

carbon~14 as has been repeatedly emphasized by Prof. Linus Paulingsll)
Leipunsky(;a) and Totter, et &l 13 have also made the estimation of the
possible hazards due t¢ the bomb produced carbon-li.

Adssuming the probability(B) of any given génerative cell hsaving
had a ¢arbon-l4 transmutation In DNA Yo be about 6 x 10"5, for a
population of 2.5 x 10° with a birth rate of 30 per 1000 the totel
number of children with the transmutation effects in its genetic
material may be estimated as follows.

30 %
(2.5 % 10%) x(Toso )X (6710 )= 45 #r0t (59)

Iaipunsky assumed in his estimates the ratio of mutations to
transmutetions (¥/T) to be unity and an inchement of carbon-l4 due to
10 megatons of fusion equal to6 4,1 x 10™2 times the present earbon-1is
equilidbrium value, With this assumption Totter, et al estimated that
the total number of people with defective genes due to the sarbon-la
increment may be estimated to be as follows.

£ (e

(@l X (TR (G5 %10 )x(E100) =44 *10
Totter, ot al. pointed cut that the ameunt of carbom-14 estimaped
by Leipunsky would be higher bg a factor of about four as compared
with the estinmated by Iibby' ) and thet the ratio M/T might be much
smaller than unity partly becsuse of the existence of inert
"non-genic® DNA in the cell in which c* decay ie less apt to cause
' mutstion snd partly because: of a larger possibility of total
inactivation of the cell with the transmutation effects in its genetic
material,  although there might be s0mse possibility that one trensmue
tation sy cause more than one mutation.
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However, if ws assume the total of past muclear testings prior
to the end of August 1961 to be roughly about 100 megaton ti_eision
and 100 megaton fusion, the total increment of carbon-~}4 may be
estimated roughly at about 1 = 2% of thé present natural carbon-l%
equilibrium value, Assuming an increment of about 1% and an immediate
mixing of the carbon=14, the annual dose rate due to bomb-~produced
carbon~14 may be estimated roughly at sbout 0,015 mren/year. With
this small increment of annual dose the first generation effect may
be undetestable, However, because of its longer half life of about
54600 years the small effects may 'eontinue-many thousands of years and
the total number of damage may not be completely negliglible, The
total numbexr of demage due to radiatiocn correéponding' to an increase
of carbon=l4 by about 1% above the natural cearbon-l4 level was
estimated for a stadble total popula‘.:ion of about 108 as in the case
of the fission products and is shown as a lowor estimate of the total
dsmage due to carbon=l4 in Table 4 (e)s Besides the effects due (%:_&& )
radiation, there would be some transmutation effecta, if not very
much lerger than the corresponding radiation effscts irn case of
carbon=14 for the mammalian cells as pointed out by Totter, et al,
However, since the exact estimation is difficult without knowing the
ratio H/? ss discussed in $he above, the transmutation effect was
assured to be about equal to the radiation effect and the estimate
of the combined affects is shown in the teble as a higher estimate,
Therefore this higher estimate may be considered to correspond to the
radlation effects for an increment of sarbon-14 of about 2% above the
netural carbop-14 level. In about 5,600 years following the addition
of the earbon-l4 increment roughly about one hslf of the total number
of damage due to @srbon-l4 given in the table may be expected to
oceur, although the number per generation may be considered almost
negligible for a population of about 10°,

4s can be Been from the numerical estimations of warious possidle

damages in the tadle, although the probsdility per person would
be vary small, the absolute mumber of possible long term damage may

not always be considered negligible and it should be pointed ocut
that a small sdditional dose to a large number of people may, in some
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Table 4 (c) ; ot4 damage
“_Period Total in 5,600 yrs Total to infinity
Type lower higher lower higher
of estimate estimate estimate " estimate
effect
Gross physical .
or 1,500 3,000 %,000 6,000
Hental defects ~ 3,000 ~6,000 ~ 65,000 ~ 12,000
Stillbirths
and .
~ 6,000 ~ 12,000 ~ 12,000 ~ 24,000
childhood
deaths
Embryonic '
- and
~ 10,000 ~-20,000 ~ 20,000 ~40,000
neonatal
deaths




cases, ultimately bring sbout a greater number of total damage to

the population at large than a very large lethal dose to a very

small limited number of people., When a small number of people are
exposed to a lethal dose, they may die without bearing a child and in
this case no genetic damage may be transmitted to the rest of the
population, However, if & closed total population is exposed %o

a continuous low dose of radiation in a wholesale manner, the

genetic burden of the whole population may be exgected to increase
graduelly in the natural background level§17)(18’

Besides the leukemls znd the genetic damage, we must also
consider the possible life-shortening effect due to radiation,
Although it 1s reported by L<:»renz(22 that the radiation may
have a life-extending effect on mice at very low dosage region,
we may assume on the conservative side that the life~shortening
effect of radlation obtained at higher dosage could be extrapolated
to the low dbsage region, because of the various posible uncertain-
ties inherent in the anslysis of the results at very low dosage
region., Depending on whether we assume the dose to the whole body
is more responéible for the general life-shortening, there would
be some difference in the estimates. However, in view of the lack
of more -mccurate kmowledge about this point, we may assume that the
life-timé-d@se'responéip;e gor-the life-shortening effect would be
about the ofdér of ﬁégniﬁuﬁe of one rem in total due to the repeated
nuclear testings prior to the end of August 1961, 2nd that there
would be no threshold of radiation dose in czusing the general
shortening of life span., With this assumption, assuming the life-
shortening constant or the chronic lethality coefficient to be
sbout 1.7 - 3.5 x 1074 as deduced from the data given by Brues and
Sacher,lg' the average loss of life span per persol in number of
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days may be estimated to be roughly about 4.3 - 9 days for a
population with the average normal life span of about 70 years,

The average loss of l&fe span, although it appeafs to be very
small per person, and well within the limit of statistical error,
may be considered t¢ correspond to a total loss of life span
equivalent to about 1.2 - 2.5 x 106 man-years for a population of
about 108. If we assume the dose responsidle for life~shortening
to be sbout 3 rems, the resulting estimate would be about three
times higher than the above value and may be esfimated at about
3.6 = 7.5 x 108 man-years. Assuming a total loss of life span of
about four million years which may correspond to about 1l4.6 days
or roughly about two weeksa per person on the average, it may be
considered numerically to correspond to an average loss of life
span of about 40 years of 100,000 peoples20

There may probably be a large factor of uncertainty of about
ten or more in the above numerical eatimation of the possible
hazards to man because of the various assumption introduced in
the course of estimation. Moreover, whether thers would be
threshold or not for the long~term radiation effects considered
in this paper is still a matter of controversy even among the
speclalists on the subjects, azlthough the evidence seems to be
accunulating to indicate that there would probably be no threshold
in the genetic effect or that the threshold would be very low, if
it existed, Therefore the numbers introduced in the above should
be interpreted as such, However, because of auch a large factor
of variocus uncertaintes in this basic scientific data, on which
the above estimations are based, we feel it side., From these
atandpoints, we must estimate the maximum possible dangers that
could be conceivable within the limit of large uncertainties and
try to exert ourselves to minimigze the possible risks for the
population,
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Table 4 (d): Life shortening effects

Average per person Total loss for 108

Iower Estimate

Higher Estimate

5.3 ~ 9 days 1,200,000

~ 2,500,000 man~years

12.9 A~ 27 days 3,600,000
~7,500,000 man-~years




Otherwise, if we took & too optimistic assumption inspite of
a large factor of uncertainties and if it should prove in future
that the situation would be pessimistic, it would be too late to
do anything for it many years after the various injuries had taken
place or had been detected or proven among the people. Therefore,

(Table 4(&))
it seems to the author only right in dealing with any matter
concerning human 1life to take account of all possidble dangers which
may be conceivable in the light of our present scientific knowledge.
In this respect, whether the eabove estimates would be ten times
higher or ten times less becaumses of the varlous uncertainties
involved in the estimation is not very important. The point is
that the possible number of people who would be seriousliy hurt in
the future can not be considered absolutely zero because of a
large factor of uncertainty about the long=-term radiation effects.
From the stand point of public health or comscientious medical
science at peace time, in which every effort must be made to save
even a single life and %o make life even one.day longer, even a
slight "unnecessary" increase of radioactivity above the naturally
occurring level, due to repeated nuclear testings is certainly
undersiravle.

From the peaceful uses of radiation and atomic energy, such as
the medical diagnostics or treatments by radiation, the atomic power
plant, or the industrial uses of radiation, we may get more benefits
than the possible risks.

However, what benefit do we get from the repeated nuclear
testings conducted by major powers preparing for & genocide of
hundreds of millions of people? It is the problem of deep concern
of those who are tryingto de#elop peaceful uses of atomic energy
for the peace, happiness and welfare of mankind, that the allowances
of the permissible level of radiation and radioactivity would be
gradually narrowed down with the gradual increase of the level of
radioactive contamination of our emvironment due to large scale

nuclear testings£2l)
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